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PREFACE. 



The important bearings of the laws of heat, particularly in 
reference to the physical condition of matter^ have led to their 
consideration before the chemical properties of substances, in 
this as in most other elementary treatises on chemistry. Light 
is then shortly considered, chiefly in reference to its chemical 
relations. The principles of its Nomenclature, in which com- 
pared with many sciences, chemistry has been highly fortunate, 
are then explained, together with the Symbolical Notation in 
use, by means of which the composition of highly compound 
bodies is expressed with the same palpable distinctness, which 

in arithmetic attends the use of figures, in place of words, for 
the expression of numerical sums. 

A considerable section of the work is then devoted to the 
consideration of the fundamental doctrines of chemistry, under 
the heads of Combining Proportions, Atomic Theory, Doctrine 
of Volumes, Isomorphism, Isomerism, Constitution of Salts, 
and Chemical Affinity, including the propagation of this action 
through metallic and saline media, in the voltaic circle. 

The materials of the Inorganic world are then described, 
under the two divisions of non -metallic elements and their com- 
pounds, and metallic elements and their compounds. 

Lastly, the numerous compounds of the Organic world are 
discussed. In this department, a most extraordinary progress 
has been made within a very short period. The study of or- 
ganic chemistry has also been much facilitated by classification, 



VI PREFACE. 

and the arrangement under Compound Radicals^ introduced by 
M. Liebig. 

It was now obvious that the science was sufficiently 
advanced to be applied to the elucidation of the great ques- 
tions of vegetable and animal physiology. A condensed view 
is given of the new discoveries in the former department, and 
also of the important conclusions respecting the animal functions 
of respiration and digestion, results which are entirely new, and 
now enter for the first time into a systematic work on 
Chemistry. 



Univeraity College, 
November, 1841. 



ERRATA. 

P^ 23, line 18, /or iron melts read cast iron melts . 
65, in table for temperature 242* read 212® 

59, in figure 3, introdnce d in the npper circle, and/ in the lower square 
61, in the figure, the tubes should be represented not open, but closed 
at the top 
• 120, second line from bottom /or 1895.6 read 1894.5 
. . 131, lines 18 and 19* for 1294.5 and 1795.5 read 1394.5 and 1895.5 
. . 130, in the diagram representing the combining measure of chlorine /or 
\ 1269.5 inscribed in each square ineeribe 2470 

. . 134, 9 lines from bottom /or choloroform react chloroform 

. . 149, line 13, for Fe^O, read FeO,SO, 

. . 155, line 16, for similarity of form read similarity of composition 

. . 177» line 21, for Ag read Hg 

. . 202; in figure 4, transpose the terms austral pole and boreal pole 

. . 210, in figure 12, tiuer^ F at the top and A at the bottom of the semicircle 

• . 390, line 7 from bottom, for 1039 X 34, read 1039.3 X 4 

. . 296, line 6, for best soluble read least soluble 

t« . . 312, line 13, for SiO,, read Si 

• • 314, line 16, dele be 

. . 323, to table of sulphurous acid series, add : 

Crystals of the leaden chambers (de la Ptovostaye) SO, + CI + S0,0 
Ozichloride of sulphur (H. Rose) . . SO, + CI + S0,0 

. . 330, line 10 from bottom, /or Herschell read Herscfael 

.. 336, line 15, /or hvposulphite react hypoeulphate 

• • 362, in table of chlorides, for hypochorus read hypochlorous 
. . 390, line 8, for iodate read iodite 

. . 405, line 12 from bottom, for eektnmretted read edemetied 
. . 424, line 17 from bottom, for htXiread twice 

• . 468, line 6, for 11 times read 5i times 

. . 471, line 8,/or 12,000 tons read 40,000 tons 

. • 478, line 18, f after not efflorescent dde when free frt>m carbonate, and 
insert although injured by add fumes 

• . 696, line 1,/or Pftttenson read Pattinson 

. . 618, line 1, for Na + 02 WO, read NaO + 2 WO, 

• . 652, line 13, for chloride of strontium read bromide of strontium 
684, line 13, /or hydrochlorate reod chloride 
927, line 9 from bottom, /or vegetables read nutgalls 
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PART III. 

ORGANIC CHEMISTRY 



CHAPl'ER L 
SECTION I. 

PRELIMINARY OBSERVATIONS. 



Bt organic substances are meant definite chemical compounds, 
found ready formed in organized beings, and their modifications 
produced by artificial processes which may be greatly varied. 
These substances are known, to be definite in composition when 
they are crystallizable, or when they enter into compounds that 
are crystallizable ; or have, if liquid, a fixed boiUng point. 
In their number, which has been vastly increased by late re- 
searches, are found many acids, several alkaline bodies, and a 
large class of neutral substances which cannot be assimilated to 
any class of inorganic compounds. Recent inquiries have 
disclosed some unexpected relations between different organic 
substances, and supplied the means of associating groups of 
them firom similarity of composition. There is the same evi- 
dence of the existence in these substances of compound radicals, 
which may be transferred from a state of combination with one 
element to another, as in the compounds of the inorganic kingdom 
allowed to contain such constituents; although the organic radicals 
cannot be isolated and exhibited in a separate state, except per- 
haps in a single instance. The radicals most characteristic of 
organic compounds, hitherto investigated, are of the basyle 
class, bodies resembling therefore the metallic elements in their 
functions and the series of compounds with salt radicals which 
they are capable of forming. Of all these hypothetical radicals 
ammonium has served as the prototype ; they are allowed how- 

z z 
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ever to differ in one respect from ammonium and the metals^ 
namely in combining readily TFith hydrogen, which element acts 
towards them as a salt-radical. The supposed prevalence of such 
radicals in the C9nstitution of organic compounds has led M. 
Liebig to define oi^nic chemistry as the chemistry of com^ 
poiifid radicals ; the whole of which indeed as are of a basyle 
character, including ammonium itself, may be properly assigned 
to this department of the science. 

Many organic substances are highly complex and contain a 
large number of atoms; a circumstance which renders them very 
liable to change^ and has led to the observation of peculiar 
modes of decomposition among organic compounds^ indicating 
novel modes of the action of chemical affinity. 

COMPOSmON OF ORGANIC SUBSTANCES, AND METHOD OF 

ANALYSIS. 

The elements which usually enter mto organic substances are 
few in number, namely carbon, hydrogen, oxygen and nitrogen. 
Some organic substances contain only carbon and hydrogen, as 
olefiant gas and other hydro-carbons ; more frequently carbon, 
hydrogen and oxygen, as sugar, gum, many neutral bodies, and 
most organic acids. To these a fourth element is added, 
nitrogen, in the vegeto-alkalies and various other compounds 
which belong more usually to the animal than vegetable divi- 
sion ; indeed carbon prevails in the organic world, as silicon 
does in the mineral, and as most minerals are silicates, so 
organic substances are the compounds of carbon. To these 
elements certain others are occasionally added^ although most 
usually by artificial processes^ as chlorine in the place of 
hydrogen, and sulphur, phosphorus^ arsenic or tellurium in that 
of oxygen. The elementary analysis of organic matters is deter- 
mined vdth much exactness, and by means so simple and 
rapid of execution as to render an ultimate analysis often the 
most ready test of the purity of a substance. The process 
followed, consists in burning the matter to be analysed by means 
of oxide of copper, so as to convert its carbon into carbonic 
acid and its hydrogen into water, which are both collected and 
weighed ; when the matter contains nitrogen, the latter is col- 
lected in the form of gas. The oxygen, which the matter contains, 
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ii represented by the excess of its weight over the sum of the 
weights of the carbon^ hydrogen and nitrogen found. I shall 
merely sketch the outline of this fundamental and highly im- 
portant process, referring for the* minute instructions necessary 
for its exact execution to Professor Liebig's valuable tract on 
Organic Analysis.* 

The nitrate of copper, decomposed by a red heat in an 
earthenware crucible, gives a fine light oxide, very suitable for 
the combustion process, and of which a considerable quantity 
must be provided. It is a property of this oxide to be reduced 
with extreme facility at a red heat, by carbon or hydrogen, and 
at the same time to resist an intense temperature, when heated 
apart from combustible matter, without losing a particle of 
oxygen. The substance to be analysed, or burnt with oxide of 
copper, we shall suppose to be sugar. 

The tube for combustion is of the most difficultly fusible glass, 
free from lead; no variety answers better for it than the 
white Bohemian glass. It is generally about 0.4 in6h in inter- 
nal diameter, and 14 or 15 inches long, drawn out, bent and 

Fig. 85. sealed at one end, 

as represented (Fi- 
gure 85,) and- open 
at the other. Tohave 
some measure of the quantity of oxide of copper to mix with 
the substance to be analysed, the tube is to be filled to 
three fourths of its length with pure oxide of copper, out 
of a crucible in which it has just been ignited, and while 
it b yet warm. From 5 to 7 gndns of dry loaf sugar in 
fine powder are first rubbed in a porcelain mortar with a little 
oxide, with which it is intimately mixed, and by degrees the 
whole oxide of copper is added, which was measured in the 
tube. Having first introduced pure oxide of copper, so as to 
fill about half an inch at the closed end of the tube, the mixture 
from the mortar is then introduced, followed by a portion of 
oxide employed to rinse out the mortar, and the last covered 
by pure oxide, so as to fill up the tube to within one inch of 



* Translated by Dr. W. Gregory, and forming Part I of Griffin's Scientific Mis- 
ceUaoj. Tegg) London. 
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its Open extremity. The lengths occupied by the different 
layers of pure oxide, uisture, rinsings of mortar and again pure 
oxide are indicated by dotted lines in the figure. The weight of 
the whole oxide of copper used generally exceeds 1200grsjna. 
In these operations, the oxide of copper inevitably absorbs a 
quantity of moisture from the air, which may amount to 0.2 
or 0.3 grain, and which coming oflF afterwards during the ig- 
niUon would vitiate the determination of the hydrogen. The 
tube and oxide must therefore be dried by a heat which will 
not decompose the sugar. This is done by placing the com- 

FiD. 8G. 




bustion tube C, in a wooden trough D, (Fig. 86) and covering 
it with sand of the temperature of 250°; connecting it 'at the 
same time by a perforated cork b, with a tube B, containing 
fragments of chloride of calcium, and an exhausting syringe A. 
By means of the latter, air and moisture are withdrawn from 



the combustion tube, the moi 
chloride of calcium in B ; air 
stopcock a, and withdrawn agai 



isture being rettuned by the 

is then admitted to C by the 

by the syringe ten or twelve 



times. The mixture may then be considered dry. 

The furnace for the combustion is made of sheet iron of a 



'\k/t 
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Fio. 87. lTouf(b form (Fig. 8;), -i-J to 24 

inches long and 3 inches high. 
I The bottom is 3 inches wide, with 
I narruw apertures about half an 
I inch apart, which form a sort 
of grate; the sides of the Air- 
nace are inclined outwards, and H inches apart at top. To 
support the combustion tube, pieces (^ strong sheet iron of 
Fio. 88. **>* ^o"™ ^> (^8* ^^)> "^ rivetted to the 

t bottom of the iiimace, at intervals ; they are 
^of exactly equal height, with their edges 
ground flat, and correspond with the round 
aperture in the fi-ont of the furnace, A. The furnace rests 
upon two thin bricks supported upon two blocks of wood, which 
are separated a little by a wedge, so as to elevate slightly the 
further end of the furnace as in Fig. 89. 

Fio. 89 



When the heat is to be increased, the furnace is raised a 
little on one side, by a thin bit of tile placed below. Good 
charcoal, is the fiiel employed in this fiimace ; the combustion 
may be animated by fanning the burning embers with a square 
piece of pasteboard ; which is safer than fusing the fiimace 
off the bricks. Immediately connected with the combustion 
tube, by means of a perforated cork, is a tube of the form b 
(Pig. 89), conteinlng fragments of strongly dried, but not fused 
chloride of caldum. In this tube is condensed the water 
formed in the combustion, of which the weight is ascertained 
by weighing the tube, before and after the combustion. Beyond 
the chloride of calcium tube and connected with it by a short caout- 
chouc tube, c, is a glass instrument /( m r, containing a strong 
solution of caustic potash, of density 1.25 to 1.27, for the ah- 
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sorption of the carbonic acid produced in the combustion, 
This instrument consists of five balls, of which m is larger than 
the others; no more of the potash ley is put into it than fills 
the three central bulbs, leaving a bubble of air in each. One 
comer is elevated a litde by a cork placed under it, and the 
whole supported upon a folded towel ; the potash apparatus, 
when filled with ley, commonly weighs firom 750 to 900 grains. 
This apparatus is also weighed before and after the combustion, 
and the increase ascertained. 

Before introducing the combustion tube into the furnace, it 
must be tapped smartly in a horizontal position, so as to pro- 
duce a vacant space above the oxide of copper through the 
whole length of the tube, by which the gaseous products may 
escape (Fig. 85). The same precaution must be taken in the 
preparatory operation of drying the oxide of copper, otherwise 
it often happens that a portion of the oxide is thrown forwards 
out of the tube. Before beginning the combustion, it is neces- 
sary to ascertain that all the joinings are tight, by sucking out 
a bubble or two of air firom the apparatus, by means of the 
Fig. 90. suction tube (Fig. 90), applied by means of a per- 
^^ ^ forated cork not fitting very tightly to the open end 
^'^IV^ of the potash apparatus. The slight exhaustion 
I causes the ley to stand l^ or 2 inches higher in 
I the inner limb m of the potash apparatus than in 
I the outer limb. This elevation will be maintained 
' if no. air enters by the cork or caoutchouc joint, 
and the apparatus is then certainly tight, but not so if the 
level changes and the liquid fitlls back into the middle part of 
the apparatus. 

In conducting the combustion, the anterior portion of the 

tube, containing only oxide of copper, is first surrounded by 

red hot charcoal. Tlie firagments of charcoal are kept in their , 

place and the heat prevented fi*om spreading, by a screen. 

Fig. 91. (Fig. 91) of sheet iron, of the same width as the 

fiimace. This screen is slowly moved backwards, by 

\ ^^ half an inch to an inch at a time, and the fire space 

vj^ immediately filled up with red hot charcoal, so as to 

raise rapidly the portion of tube newly exposed to 

« red heat. A. screen (Fig. 92) should be placed upon the front 
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Fio. 92< ^^ ^^ furnace, to preyent the cork being burned and 
■, the chloride of caldum tube being heated, by radiation 

IHjj^B from the furnace. But the fore end of the tube, vhich 
^ 1^ is empty and projects an inch beyond the furnace, 
should be kept bo hot during the whole operation that no 
water condenses in it; in the course of twenty minutes or 
half an hour the screen has been moved to the end of the tube, 
and the combustion completed. When the evolution of gas 
stops all at once, the combustion is certainly complete, and a 
good result is obtained; the tube should be heated red hot, but 
not to bright redness ; it begins to stick to the supports when 
heated too hot. 

As soon as the evolution of gas terminates, the potash ley 
b^lins to rise into the bulb m. The pointed extremity of the 
combustion tube should then be broken by means of a pair of 
pliers, after removing the charcoal from that end of the fiimace. 
An open tube A, 12 or 15 inches long, is then placed over the 
opened -end, and supported by a stand, (Fig. 93], while by 

Fig. 93. 



means of the suction tube B, a certain quantity of ur is drawn 
by the mouth through the potash apparatus. The whole wa- 
tery vapour and carbonic acid remaining in the combustion 
tube} are thus brought into the chloride of calcium tube and 
potash apparatus, and completely absorbed. 

The data furnished by the combustion aSbrd the means of 
calculating the composition of the substance analysed, as the 
composition of water and carbonic acid is known, the former 
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consisting of I hydrogen and 8 oxygen in 9 parts^ and the 
latter of 27*675 carbon and 7^.325 oxygen in 100 parts : 

The hydrogen is one ninth of the increase of weight in the 
chloride of calcium tube. 

The carbon is 27-67 per cent of the increase of weight in the 
potash bulbs. 

The oxygen is the quantity obtained by adding the weights 
of the hydrogen and carbon together, and deducting their sum 
from the weight of matter or^nally employed. 

The following are the details of a particular analysis of sugar 
(Dumas). 

Weight of Sugar. . . . 600 
Weight of Carbonic Acid. 921 
Weight of Water. ... 353 

These gire by calculation : — 

Carbon 254.6. .42.4 

Hydrogen. . . . 39.2* • 6»5 
Oxygen 306.2.. 51.1 

600 ..100 

The atomic constitution of sugar is obtained from these re- 
sults^ by dividing the quantities of carbon, hydrogen and oxygen 
in the last column, by their equivalents, 76, 12.5 and 100. 
We thus obtain 0.558 of an equivalent of carbon, 0.520 of an 
equivalent of hydrogen and 0.511 of an equivalent of oxygen, 
which are more nearly proportional to the following than any 
other whole numbers, 12 carbon, 11 hydrogen, 11 oxygen; and 
give CjgHjiOjp the usually received formula for cane sugar. 

The estimation of nitrogen, when present in an organic subs- 
tance, requires another combustion in which that gas is deter- 
mined by measurement. This gas generally escapes in a free 
state, mixed with the carbonic acid and watery vapour ; but 
firequently deutoxide of nitrogen is formed, which renders the 
determination of the nitrogen difficult; to decompose the latter 
it is necessary to have a portion of copper turnings in the an- 
terior part of the tube, which are kept at a full red heat during 
the combustion, as from the screen m (Fig. 94) to the mouth of 
the tube. This is followed by a layer of pure oxide from m ta 
B, and then the mixture from B to A ; as soon as the copper 
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Fig. 94. 



^■-^^m^^B 




and oxide are at a red heat, the tabe is heated from the closed 
end, a second screen n being gradually advanced from that 
extremity. When the proportion of nitrogen is not inconsi- 
derable, it is generally sufficient td determine its relation by 
volume to the carbonic acid evolved at the same time. This is 
done by attaching a bent quiU tube (Fig. 94) to the mouth of 
the combustion tube, by which the gas evolved is conveyed to 
the mercurial trough, and collected at different stages of the 
combustion in a small graduated jar. By passing up a few 
drops of caustic potash into the gas in the jar, the carbonic 
acid is absorbed and the nitrogen remains. If the proportion 
between the volumes of the two gases thus observed is the 
same in several successive trials, and no red nitrous fumes be 
perceived on mixing the gas with air, this result is sufficient 
for the nitrogen. The whole quantity of carbonic acid pro- 
duced in the combustion being known from a previous analysis 
conducted in the usual way, we can obtain the volume of ni- 
trogen by calculation, and thence its weight. Or, as two volumes 
of carbonic acid and of nitrogen represent both one atom of 
carbon and nitrogen, the atoms of these two gases are in the 
same number as the volumes observed; consequently when 
the weight of the carbonic add is known, that of the nitrogen 
may be calculated from the atomic weights of carbonic acid 
and nitrogen. 

For the analysis *of uric acid, in which the volumes of the ni- 
trogen and carbonic collected are as 4 to 10, and of bitartrate of 
ammonia in which they are as 1 to 8, this method answers very 
well, but when the proportion of nitrogen is smaller than the last, 
or when the nitrogen appears in a variable proportion at different 
stages of the analysis, then it is necessary to collect and measure 
the whole nitrogen evolved, which is not easily done with accuracy. 
To get rid of the nitrogen of the air contained in the tube, a 
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combustion tube is chosen 24 inches long, 6 inches of which at 
the closed end are filled with carbonate of copper, then foUow 
2 inches of pure oxide of copper, next the mixture of the subs- 
tance with oxide of copper, then another layer of pure oxide, 
and lastly a layer of copper turnings. The air is exhausted 
from the tube by a syringe, and the tube fiUed with carbonic 
acid by heating one half of the carbonate of copper ; the ex- 
haustion and evolution of carbonic acid are several times re- 
peated, till the whole air is certainly withdrawn from the tube, 
and the latter is filled with carbonic acid. The combustion of the 
mixture is then conducted as in the previous case, the gases 
however are received in a large graduated jar, over mercury, half 
full of a strong solution of caustic potash. After the com- 
bustion is completed, heat is again applied to die end of the 
tube containing the remaining half of the carbonate of copper, 
and carbonic acid evolved which sweeps out the last portions 
of nitrogen into the receiver, where the volume of that gas is 
observed. 

MM. Will and Varrentrapp have lately proposed the follow- 
ing excellent method of determining the nitrogen in organic 
substances, which is likely to supersede every other. The sub- 
stance is mingled with a mixture of caustic lime and hydrate of 
soda, and heated to redness in a combustion tube. All the 
nitrogen of the substance escapes as pure ammonia, which may 
be condensed in a small apparatus containing dilute hydrochloric 
add. This liquid is afterwards mixed with chloride of platinum, 
and brought to dryness in a wat^-hath; the double chloride 
of platinum and ammonium remaining is washed with a mixture 
of alcohol and ether, in which it is perfectly insoluble. The 
quantity of nitrogen is calculated firom the weight of the chloride 
of platinum and ammonium, or firom the metallic platinum 
which it leaves behind when heated to redness. 

Oxide of copper is not applicable for the ^[^mbustion of subs- 
tances containing chlorine, owing to the volatility of the 
chloride of copper, a portion of which passes into the chloride 
of calcium tube, and vitiates tho determination of the hydrogen. 
Chromate of lead is then employed in the combustion tube, 
with the same manipulations as with oxide of copper. This 
salt must first be strongly ignited till it begins to melt and 
then be reduced to a very fine powder ; thjs chloride of lead is 
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perfectly fixed at a low red heat. The chromate of lead is not 
in the lightest degree hygroscopic, and is likely to be preferred 
to oxide of copper^ where it is desirable to determine the 
proportion of hydrogen with extreme accuracy. 

Notwithstanding the great value of the analytical results of this 
method, and the agreement almost perfect in repetitions of the 
same analysis, there can belittle doubt that the method itself is 
not absolutely exact. From the rigorous examination to which 
the combustion process has lately been submitted by M. Dumas, 
it appears to give less than the true quantity of carbon. The 
loss of carbon is ascribed to several causes : some is deposited 
here and there in the tubes and for want of oxygen not burned; 
the reduced copper is partly converted into carburet of copper ; 
the liquid potash allows a portion of the carbonic acid to escape, 
and lastly the air which is drawn through the apparatus takes 
up some water from the same potash and diminishes its weight. 
Tliis loss of carbon was hitherto concealed by carbonic add 
bring allowed to contain more carbon than it really has, so 
that the carbon lost in the process was made up in the calcu- 
lation; and the formula deduced from analyses are only 
true from the accidental compensation of these two errors. 
Dumas reduces the proportion of carbon in carbonic acid from 
27.67 to 27«27 per cent, and obtains for the atom of that 
element the number J5y instead of 76.4. This important result 
he has deduced by collecting and weighing the carbonic acid pro* 
duced by the combustion of a known weight of pure charcoal, in 
the forms of graphite and the diamond.* Drs. Marchand and 
Erdman of Berlin have repeated these analyses with* the same 
results; it is now indeed generally allowed that the atomic 
weight of carbon of Berzelius is too high^ but chemists are 
not yet agreed as to the amount of reduction to be made. 
MM. Redtenbacher and Liebig conclude that the atomic 
weight of carbon is the intermediate number 7^*8^4, from an 
elaborate series of experiments undertaken to determine the 
point, in which the proportion of silver in the acetate, malate, 
racemate and tartrate of that base was ascertained with great 
accuracy ; the atomic weight of silver, respecting which there 
is little uncertainty, being taken at 1351.6. It has also been 

* MM. Dumas and Suas, Annalea de Chimie et de Physique^ 3iiie. S^rie, 
tome 1, p. 5. (1841). 
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shewn by Dr. Clark thtit when certain corrections are kiade on 
the calculations of Berzelius' experiments, they really give a 
number for carbon nearly approaching to this. 

To give the process of organic analysis all the precision of 
which it is susceptible, M. Dumas requires attention to the 
following circumstances. 1. To triple at least the quantity of 
matter usually employed. 2. After the ignition of the com- 
bustion tube to pass dxrough it a large quantity of oxygen, so 
as to bum the deposited carbon and re-oxidate all the copper, 
which gets rid of the carburet of copper. 3. For the reception 
of the water to employ a chloride of calcium tube accompanied 
by a tube filled with fragments of pumice impregnated with oil 
of vitriol. 4. To absorb the carbonic acid, Liebig's bulb ap- 
paratus containing solution of potash is to be used, accompanied 
by tubes containing potash moistened with the potash ley on 
one side, and dry potash on the other ; the dry potash arrests 
the water with which the gas has become charged by passing 
through the liquid in the bulbs.^ The most important obser- 
vation of Dumas is that the combustion of the carbon is never 
complete, unless oxygen be passed through the tube containing 
the mixture of oxide of copper and matter to be analysed, and 
the matter be thus burned in an atmosphere of oxygen. This 
is the principle of the method of organic analysis originally prac- 
tised by Dr. Prout, by which he was led to the conclusion that 
the atom of carbon is exactly 6 on the hydrogen scale, or 75 
on the oxygen scale.| M. Dumas, who now adopts this con- 
clusion, has therefore been conducted to it by a recurrence to 
Dr. Prout's own mode of investigation. 



MODIFICATIONS OF ORGANIC COMPOUNDS PRODUCED BY 

ARTIFICIAL PROCESSES. 

It is generally stated that no substances properly organic can 
be produced by directly uniting their ultimate elements; 
although a few organic compounds may be formed from subs- 



♦ Annales de Chimie ct de Physique, 3rac S^rie, tome 1, p. 39, Vhere the im- 
proved process is minutely described and the apparatus figured, 
t Phil. Trans. 1827; or Brande*B Manual of Chemistry, p. 1060. 
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lances less complex than themselves, but which are not ele- 
mentary ; as urea from cyanic acid and ammonia, the acid 
named, in common with cyanogen itself and all its compoands, 
being considered organic, }>ecause usually derived from the de- 
composition of azotised matters. But it has unequivocally been 
proved that nitrogen gas unites with charcoal under the influence 
of carbonate of potash at a red heat, and forms cyanide of po- 
tassium (L. Thompson, Fownes).* The last salt also yields 
ammonia when decomposed by water ; so that cyanogen, and 
through cyanogen ammonia, can be primarily derived from 
their elements contained in the inorganic world. The usual 
course however pursued by the chemist in this department is 
to form new compounds by the alteration of compounds sup- 
plied to him by nature. These changes he effects by various 
agencies, such as hydrate of potash, distillation by heat, acids, 
oxygen, chlorine, &c. The most uniform and definite of these 
actions are those of a hydrated alkali and dry distillation. 

Distillation with an alkali, — When an organic substance con- 
taining no nitrogen is fused with a sufficient quantity of hydrate 
of potash, no charcoal is hberated. The products formed are 
those which result from oxidation ; water is generally decom- 
posed, of which the oxygen enters into combination with the 
hydrogen and carbon of the organic matter, while the hydrogen 
is disengaged as gas. Thus when acetate of soda is decomposed 
by hydrate of barytes, the hydrogen of the latter is liberated. 
M. Dumas has shewn that alcohol and other bodies of the 
same character, distilled at a moderate heat with a mixture of 
hydrate of potash and quicklime, each gives rise to a peculiar 
add, which remains in combination with the potash, by losing 
2 eq. of hydrogen (disengaged as gas), and acquiring 2 eq. of 
oxygen ; alcohol to acetic add, wood spirit to formic add, fousel 
oil to valerianic acid, ethal to ethalic acid ; and that this mode 
of decomposition is characteristic of alcohols. Glycerine, which 
in some respects resembles an alcohol, when treated in the 
same way, but at a very low temperature, does not give a pe- 
culiar glyceric acid, but resolves itself into acetic and formic 
acids, with the loss of two equivalents of hydrogen and assump- 
tion of two of oxygen. Acetone transmitted in the state of 

• Origioally observed by Desfosses ; Journal de Pbarmacie, t. 14, p. 280 (1828). 
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vapour oTer the miztare of hydrate of potash and lime heated 
to redness^ giyes nothing but carbonic add, which i'emains in 
combination with the alkali, and light carburetted hydrogen 
C2H4. The vapour of aldehyde passed over the same mixture 
at a lower temperature gives acetate of potash and free hydrogen, 
losing only one equivalent of hydrogen and acquiring one of 
oxygen^ or the reaction is similar to what occurs with the next 
substance to be mentioned, to which aldehyde has considerable 
analogy.* Oil of bitter almonds distilled with dry hydrate of 
potash, gives hydrogen gas and benzoate of potash. 

According to the temperature, ulmic, acetic and oxalic acids 
appear in other cases, or carbonic acid only. Thus tartaric acid 
fUsed with hydrate of potash gives the acetate and oxalate of 
potash. Acetate of potash distilled with a mixture of "hydrates 
of potash and lime, gives carbonate of potash and light car- 
buretted hydrogen gas, which on that account is also named the 
gas of the acetates. Formic acid, alcohol, and bodies in general 
consisting of carbon, oxygen and hydrogen, when distilled with 
anhydrous barytes, give the same gas. When substances con- 
taining nitrogen are boiled in a solution of caustic potash, 
or fused with the dry hydrate, ammonia is evolved, and acids 
containing no nitrogen remain in Combination with the potash. 
Some bodies containing much nitrogen lose only, with dry 
hydrate of potash, a portion of their nitrogen in the form of 
ammonia ; and the rest acquiring oxygen, assumes the form of 
cyanic acid, and is protected by the potash from fitrther de- 
composition. 

When the acetate of any metallic oxide capable of retaining 
carbonic acid at a red heat, such as the acetate of soda, potash, 
barytes, &c., is distilled, a carbonate remains in the retort, 
while a combustible liquid, acetone C3H3O distils over. 
M. Fremy has shewn that sugar, starch and all those ternary 
compounds of carbon, hydrogen and oxygen, in which the two 
last are in the proportion to form water, are decomposed 
when heated in contact with lime in the same manner as 
acetic acid. They afford acetone, with water and carbonic acid. 
Benzoic acid distilled with three times its weight of hydrate 
of lime forms carbonate of lime, with a volatile liquid C|2 Hg, 

* Annales de Chimie et de Physique, tome 73, p. 113. 
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tbe bensin of Mitscherlich and bicarburet of hydrogen of 
Faraday. The neutral benssoate of lime gives with other pro- 
dncts the liquid benzone, CigHgO. Distilled from lime stearic, 
margaric and oleic acids lose the elements of carbonic acid^ and 
form neutral volatile products, stearone, margarone and oleone. 
The names of such pyrogen bodies terminate in one as contain 
one atom of oxygen and are neutral. Margarone carried in its 
turn over lime at a red heat, loses its oxygen, in the form of 
carbonic acid, and paraffin is produced, which is a binary com- 
pound of carbon and hydrogen. Thus the alkali determines 
throughout the formation of a highly oxidised acid body, with 
which it unites and the other products are consequently partially 
or completely deoxidised. 

Dry distiUation. — Many organic substances are volatile and 
may be distilled at a moderate heat without alteration, such as 
al(x>hol and most essential oils ; but a larger number are fixed. 
The latter when submitted alone to distillation usually abandon 
carbon, and form new and more simple volatile products. 
Three periods are distinguished by Liebig in the dry distillation 
of the fixed organic acids, from the different compounds formed 
according to the temperature. In the first, organic adds of 
less atomic weight are produced, with carbonic acid, water and 
inflammable liquids soluble in water. The bibasic and tribasic 
organic acids, by losing the elements of water and carbonic acid, 
are converted into their volatile pyr-adds, which are less basic, 
generally monobasic ; thus tartaric acid C3H4O1Q is converted 
into pyrotartaric acid C5H3O3, by losing three atoms of car- 
bonic add C3O0 and one atom of water HO ; but these pyr-acids 
can rarely be distilled again by themselves, without partial de- 
composition. In the second period of the distillation, bodies 
are obtained which result from the destruction of the preceding 
compounds ; thus the oxygen of the adds, uniting with the 
carbon and hydrogen of the combustible bodies, gives rise to 
more simple bodies, such as carbonic oxide^ carbonic add and 
water ; some charcoal is generally set at liberty, while another 
portion of it enters into combination with the excess of hydro- 
gen, and produces liquid or solid volatile hydrocarbons. In 
the last period, nothing is obtained but charcoal and a gaseous 
mixture, prindpally composed of carbonic add, carbonic oxide, 
defiant gas and light carburetted hydrogen. Substances con- 



^ 



712 MODIFICATIONS OF ORGANIC COMPOUNDS. 

taining nitrogen, give ammonia in the first period, and cyanogen 
or hydrocyanic add in the last. 

The decomposition of citric acid by heat, has been more 
minutely investigated than any other, by M. Crasso, and is 
particularly interesting from the variety of products it affords, 
at different stages of the decomposition. After losing its water 
of crystallization, the citric acid, ^isHgOi^ first undergoes a 
decomposition, of which the products are a new and fixed 
acid, aconitic acid, C4 H, O4, also found in nature being the 
acid of the acofutumnapellus, together with one atom of acetone. 
C3 H3 O, four atoms of carbonic oxide C4 O4, and one atom of 
carbonic acid C O^* By a continuance of the heat, the fixed 
aconitic acid itself is decomposed, three atoms of it C|2 H^ O^^ 
affording two atoms of a volatile pyr-acid, named itaoonic acid 
2 (C5 H3 O4), and two atoms of carbonic acid Cg 04. The 
itaconic add again is decomposed when heated to its point of 
ebullition, and gives a more volatile and stable acid, named 
citraconic add C5H3O4, which is consequently isomeric with 
the preceding acid. It is believed, however, by Crasso, that the 
last is the only monobasic acid in the series, and that the true 
formulffi of the hydrates of the three new acids produced by the 
decomposition of citric acid by heat, are, with that of the ori- 
ginal acid itself : 

Citric acid. . . . C^^H^O^^+SUO 

Aconitic acid. . , CiaHgOja + SHO 

Itaconic add. . . CioHg08-h2HO 

Citraconic acid. . C5 H3 O4 + HO* 

By the united action of heat and bases, other transformations 
of acids have been effected. Thus malic acid is converted into 
fumaric and equisetic acids, and citric acid into aconitic and 
tartaric acids, when their compounds with oxide of antimony or 
potash are heated so long as water is disengaged. 

ACTION OFOXYGKN — EREMACAUSIS. 

Organic compounds when dry and in a state of purity 
are generally capable of resisting the action of the air or 
of free oxygen, at the usual temperature ; but a considerable 

• Aanales de Chitnic et de Physique, 3iue S^rie, tome 1, p. 311. 
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number are affected by that element; the various essential 
and fixed oils absorb oxygen in different degrees, the first 
becoming resins and the second acquiring the drpng pro* 
perties of varnishes ; the essential oil of bitter almonds is gra^ 
dually converted into benzoic acid, and the vapour of ether 
passes slowly into acetic acid, while white indigo and other 
colouring principles undergo remarkable changes from a rapid 
absorption of oxygen. The direct oxidation of alcohol and 
ether, which gives rise to acetic add, is greatiy favoured by the 
contact of spongy platinum. The highly oxygenised acids act 
with much more energy upon organic compounds and give rise 
to various products according to the quantity of oxygen com* 
municated. Thus alcohol is converted by oxidating matters, 
into acetal, aldehyde, acetic acid, formic acid, oxalic acid, car* 
bonic acid and water. In these reactions, the oxygen is fre* 
quendy observed to affect the hydrogen exclusively, which is 
converted into water, while a quantity of oxygen exactly equi- 
valent to tiie hydrogen thus withdrawn, enters into combination 
with the remaining elements, and appears to be aubstituted for 
the hydrogen. T%us by the action of four atoms of oxygen, 
upon one atom of alcohol C4H5O + HO, two atoms of hydrogen 
are withdrawn as water, while two atoms of oxygen are at the 
same time absorbed by the remaining elements of the alcohol, 
which becomes hydrated acetic acid C4H3O3 + HO. When 
anhydrous sugar C^JtlgOg is treated with hypermanganate of 
potash, the nine atoms of hydrogen which the former contains 
are replaced by nine atoms of oxygen, and six atoms of oxalic 
acid formed SCfi^, 

The presence of water greatiy promotes tiie action of the 
oxygen of the atmosphere upon organic substances. The name 
eremaeausU has been applied by Liebig to the slow combustion 
or oxidation of organic matters in air. Vegetable juices eva- 
porated by a gentle heat in air allow a brown or brownish black 
substance to precipitate, known as extrcxtive matter , and similar 
in properties from whatever juice it is formed. It is insoluble 
or very sparingly soluble in water, but dissolved with fiicility by 
alkalies. By the action of air upon sohd animal or vegetable 
matters, a similar pulverulent brown substance is formed known 
as Jmmus. According to an observation of De Saussure, the 
sawdust of oak wood converts oxygen into carbonic acid, without 

2 A A 
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any change of the rolume of the gas ; but while dry sawdust 
lost three parts by weight of carbon in this way, it diminished 
in weight by fifteen parts altogether, shewing that twelve parts 
of water were at the same time separated from the wood. Hence 
the proportion of carbon in decapng wood increases widi the 
progress of its decay ; and it is concbided that the hydrogen 
only is oxidised at the expense of the oxygen of the air, while 
the carbonic acid is formed from the elements of the wood 
(Liebig). The composition of pure woody fibre or lignin being 
^36^220225 two different specimens of mouldered oak wood, 
(the humus from oak wood) were found to be C^s^2x^m *^^ 
C34H18O1Q, or for every two atoms of hydrogen oxidised by the 
air, one atom of carbonic acid (CO^) has been formed at the 
same time from the elements of the wood and set free. When 
water is present and the access of air restrained, the decompo- 
sition of wood appears to proceed in a different manner f for 
while carbonic acid is generated as before, a certain quantity of 
water enters into chemical combination, white mouldering beech - 
wood being found to have a composition corresponding with 
the formula C33H25O24. There is reason, however, to suppose 
the interference in such cases of mouldering, of a species of 
fermentation such as was observed when rags were placed in 
heaps and wetted in the preparation of a substance for the fa- 
brication of paper, according to the old process in nse before 
the application of chlorine. The rags became warm and dis- 
engaged a gas, while their weight diminished from 18 to 25 per 
cent. It is probable that in this, as well as other putrefactive 
processes, the oxygen of the water assists in the formation of 
carbonic acid. 

Wood coal or brown coal, which retains the structure of 
the wood unchanged, appears to be produced by a similar 
process of decomposition. A specimen free from bituminous 
matter was found to have a composition expressed by the 
formula C^H^^Oi^; and may therefore have been produced 
from woody fibre by the separation of one equivalent of hydrogen 
and three equivalents of carbonic acid. In aU varieties of wood 
coal, the proportion of oxygen in relation to the hydrogen is 
diminished, these elements existing in the original woody fibre 
in the same proportion as in water, indicating a disengagement 
of carbonic acid from their substance, which appears still to go 
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on at great depths in all the strata of wood coal. The oompO' 
sition of the splint ooal of Newcastle and cannel coal of Lan«- 
cashire being C24H13O, according to the analyses of both 
Richardson and Regnault, mineral coal is obviously formed from 
woody fibre in a different manner from brown coal. The com- 
position of both splint and cannel coal is obtained by the subtrao-r 
tion of 3 atoms of carburetted hydrogen, 3 atoms of water, and 
9 atoms of carbonic add from the f<Mrraula of wood (Liebig) : 



Threeatomsofcarburettedhydrogen. C3H0 

Three atoms qf water H3O3 

Nine atoms of carbonic acid. . C^O^g 



I C3flHa3022=wood. 



Mineral coal. 



CijHyOai 



C^^B 13O 



Caking coal from Caresfield, near Newcastle, is C^oH^O, or 
contains the elements of cannel coal, minus the constituents of 
olefiant gas C4H4 (Liebig). The inflammable gas of coal mines 
is principally Hght carburetted hydrogen, but it has been 
observed by Bischoff occasionally accompanied by notable quan- 
tities of olefiant gas. Such decompositions, however, are not 
due to eremacausis, and indeed take place in materials covered 
by such a mass of strata as must entirely exclude air» but are 
more analogous to the internal reactions observed in organic 
matters, and known as species of fermentation, in which the 
elements of a compound substance (such as sugar) divide 
themselves into two or more groups, without the incorporation 
of any extraneous element, except perhaps the constituents 
of water. 

The absorption of oxygen by alcohol in its acetification is a 
true eremacausis, so also is the process of nitrification. Oxi- 
dation is promoted in many organic bodies by contact with an 
alkali ; thus alcohol holding potash in solution soon becomes 
brown from oxidation, and a resinous matter appears with 
all die products of the decomposition of aldehyde. The 
oxidatioQ of gallic acid, hematin and many other compounds is 
promoted by the same influence } many vegetable substances 
exhibit a impid absorption of oxygen on the addition to them ot 
ammonii), and form splendid violet or red coloured liquids, such 
as the colouriag principles of the lichens. On the other hand, 

2 A A 2 
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eremacausis seems to be entirely prevented when water is 
excluded, or when the substance is exposed to a temperature 
of 32^. The processes of fermentation and putrefaction, which 
are different from eremacausis, appear to be necessarily preceded 
by an absorption of oxygen. Thus the juice of grapes pressed 
under mercury and collected in a jar filled with that metal was 
observed by Gay-Lussac to keep without change, but on ad* 
mitting a bubble of air to the liquid, the vinous fermentation 
immediately commenced. The perfect exclusion of air is also 
the basis of the valuable process for preserving animal and 
vegetable food, without the use of antiseptics, first introduced 
by Appert. The materials are usually placed in canisters with 
a quantity of fluid, which is kept in a state of ebullition for 
some time, and the openings hermetically closed with solder 
while the vessels are entirely filled with steam. Eremacausis is 
also prevented or much retarded by aromatic substances, empy- 
reumatic substances and oil of turpentine, the vapours of which 
retard the oxidation of phosphorus and of phosphuretted hy- 
drogen in a similar manner. It is also arrested by mineral acids 
and salts of mercury, which appear to act by combining with 
the organic matter ; alcohol, a strong solution of sugar, common 
salt and many other saline substances are supposed to owe their 
antiseptic properties in a great measure to their affinity for 
water, which reduces animal or vegetable matters in contact with 
them to a state of dryness in which they are Uttle liable to de- 
composition. Thus a piece of dry butcher-meat covered witfi 
dry salt is found after twenty* four hours swimming in brine, 
the salt attracting water firom the meat, and leaving it not humid 
enough for chemical action. 

ACTION OF CHLORINE, ITS SUBSTITUTION FOR HYDROGEN, 

CHEMICAL TYPES. 

M. Gay-Lussac observed, several years ago, that bees' wax 
exposed to chlorine gas absorbed the latter, giving rise to a 
disengagement of hydrochloric acid, without any change of 
volume in the gas firom the operation. The reason is that the 
wax loses a volume of hydrogen equal to the volume of chlorine 
which it absorbs, the constituents of hydrochloric acid gas being 
united, it is to be remembered, without any condensation of 
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Tolame. M. Dumas afterwards repeated the experiment with 
oil of turpentine, and obtained a similar result ; 4H in the latter 
body being replaced by 4C1, or C^oHig becoming CaoH 13014. 
The action of chlorine on a great number of organic substances 
has since been observed by MM. Dumas^ Laurent, Regnault, 
Malaguti and others, and found to be remarkably uniform. The 
investigation has led to the formation of a large nuniber of new 
compounds, and to the propagation of certain theoretical views 
by M. Dumas, which have had an extraordinary influence on 
the recent progress of organic chemistry. 

When light carburetted hydrogen gas C3H4, is allowed to mix 
gradually with three times its volume of chlorine, in strong 
sunshine, the whole 4 eq. of hydrogen are converted into hydro- 
chloric acid, which is liberated, while the 2 eq. of carbon com* 
bine with 4 eq. of chlorine, and form a peculiar liquid chloride 
of carbon C3CI4 ; so that the hydrogen of the former compound 
appears to be simply replaced by chlorine in the latter.* The 
removal of the whole hydrogen by chlorine takes place at once^ 
in this hydrocarburet without the formation of any other inter- 
mediate product except a trace of chloroform^ but in other cases^ 
where there are several equivalents of hydrogen, the latter are 
often removed and replaced by chlorine one by one, and a series 
of bodies formed in which while the hydrogen diminishes^ 
the chlorine increases in an equal proportion; such are the 
compounds produced by the action of chlorine on Dutch liquid 
already described (page 375), and the remarkable series produced 
by the repeated action of chlorine upon hydrochloric ether .f 
The two series referred to^ exhibit a remarkable isomerism, the 
corresponding products having the same composition although 
distinguishable by their ph^^sical properties and by the eflfect of 
re^agents upon them. These chlorine compounds are all vola- 
tile liquids, with the exception of the solid perchloride of carbon 
which is common to both series. 

* Dumas, Ad. de Ch. et deVh. t 73, p. 94. 
t Regnault, Ad. deCh. etde Ph. t. 71, p. 353. 
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OLEFIANT GAS AND BODIES DERIVED FROM IT BY THE 

ACTION OF CHLORINE. 

defiant gas C4H3 + H 

First product, Dutch liquid . . C4H3CI + HCl 

Second product • . . . C4H2CI2+HCI 

Third product C^H Clg-hHCl 

Last product, perchloridlB of carbon • ^^^h 

HYDROCHLORIC ETHER (CHLORIOB OP ETHYL) AND BODIEI^ 
DERIVED FROM IT BY THE ACTION OF CHLORINE. 

Hydrochloric ether C4H5CI 

Monochlorinated ditto C4H4CI2 

Bichlorinated ditto C4H3CI3 

Trichlorinated ditto C4HaCl4 

Quadrichlorinated ditto C4H CI5 

Perchloride of carbon C^i^l^ 

It appears from the second table that hydrochloric ether is 
affected at once by two atoms of chlorine, one of which seizes 
an atom of hydrogen and removes it in the form of hydrochloric^ 
add, while the second atom of chlorine enters into the com*- 
pound remaining, which Regnault distinguishes as monochlo^ 
rinated hydrochloric ether, the name having reference to \ht 
mode of derivation of the compound and not its composition.* 
The latter body when exposed to chlorine is likewise afiected 
by two atoms, one of which seizes and withdraws an atom of 
hydrogen, while the 6ther unites with the remaining elements, 
forming bichlorihat^d hydrochloric ether. The trichlorinated 
and quadrichlorinated compounds, and the perchloride of car- 
bon, i;^hich follow, have the same mode of formation ; and as 
one atom of chlorine is communicated for each atom of hydny- 
gen withdrawn, the entire number of constituent atoms remains 
the same, or ten, throughout the series, and the last member 
differs only from the first, in having 5 atoms of chlorine instead 
of 5 of hydrogen. To exhibit the complimentary function of 

* *' Chlorinated** appenrs to be a preferable term to chhrurettrd^ to apply to 
such a compound, as the last is already used in a different sense. 
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the chlorine and hydrogen in these bodies^ their formulee may 
be written thus : 

C4H5CI. C^j*CL C^Jj^cL C^^j^CL C4 Jj CI. C4 Clg CI. 

Chloromethylic ether or chloride of methyl C2H3CI, a body 
having the same relation to wood- spirit that hydrochloric 
ether has to alcohol^ gives rise to an analogous series o£ chlo- 
rinated compounds when a stream of chlorine is passed through 
it, the product being treated in its turn with the gas, and the 
same process repeated with the new product ; when the hydro- 
gen is then entirely withdrawn^ and a chloride of carbon remains, 
the same that is derived from light carburetted hydrogen (Reg- 
naolt). The bodies of this series are : — 

_V/2l13v/1« \-/2P«1 Sr^l 3 ^^3 ^*-' 

All these chlorinated compounds possess the neutral charac- 
ter of the bodies from which they are derived. Malaguti has 
also observed that ether (oxide of ethyl) may lose two equiva- 
lents of hydrogen and gain two of chlorine, C4H5O becoming 
C4H3CI2O, without any of its essential properties undergoing 
alteration ; for its power of combination remains the same, and 
chlorinated ether is still ether. Oxalic ether or the oxalate of 
oxide of ethyl, may have its whole five atoms of hydrogen 
replaced by five atoms of chlorine, and chlorinated oxalic 
ether, or chloroxalic ether is formed ; C4H5O + C2O3 becomes 
C4CI5O + C2O3, or adopting empirical formulae, CgH504 becomes 
CgCl504. Now each of these ethers is the base of a class of 
siJts, the oxalovinates and chloroxalovinates ; each of them, 
also, is affected by dry ammoniacal gas, and by solution of am- 
monia in the same way, forming oxamethane or chloroxame- 
thane with the first re-agent, and oxamide with the second :* 

OXALIC ETHEB, AND COMPOUNDS DERIVED FROM IT. 

Oxalic ether . . . C6H5O4 

Oxalovinic acid (hydrated) C6H504-hC203, HO 

Oxamethane • . . C6H5O4+C2O2, NH2 

Oxamide .... C2O2, NHj 

• Malaguti, Annales de Ckimie, etc. t. 74, p. 299. 
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CHLOROXALIC BTHEB, AND COMPOUNDS DERIVED FROM IT. 

Chloroxalic ether • • €501504 

Chloroxalovinicacid (hydrated) 0^01504 + CjOj, HO 

Chloroxamethane . . €601504 + CjOj^NHj 

Oxamide .... C3O2) NH3. 

It rarely happens that the crystalline forms of corresponding 
hydrogen and chlorine compounds can be compared, for most 
frequently the two substances, or at least one of them, does not 
crystallize, and is altogether incapable of exact measurement. 
But M. de la Provostaye has succeeded in instituting a com- 
parison between the crystalline forms of oxamethane and chlo- 
roxamethane, which he finds to be isomorphous, or rather 
different secondary forms derived from the same fundamental 
form.* This wo idd establish the isomorphism of chlorine and 
hydrogen, but it is to be regretted that so important a condu- 
sion should rest upon a single instance, and one also in whidi, 
as Mitscherlich remarks, the usual complete identity of form of 
isomorphous bodies is not observed. 

By exposing pure acetic acid to the action of dry gaseous 
chlorine, xmder the direct influence of the solar rays, M. Dumas 
has replaced the whole hydrogen of that acid by chlorine, or 
converted acetic acid C4H3O3+HO into chloracetic acid C4CI3 
O3+HO, without altering the capacity of saturation of the acid, 
or its combining measure in the state of vapour.f Decomposed 
by alkalies, these two acids give likewise analogous products, 
acetic acid yielding carbonic acid C2O4 with light carbu- 
retted hydrogen, C2H4, and chloracetic acid yielding car- 

bonic acid C3O4 with chloroform Cjq, ; the body last mention- 
ed being viewed as carburetted hydrogen in which three atoms 
of hydrogen are replaced by three of chlorine. 

Many similar cases of the substitution of chlorine for hydro- 
gen have been observed, but those already adduced are suffi- 
cient to illustrate the mode of replacement, and to prove that a 

* Philosophical Magazine, 3rd Series, toI. 18, p. 372. 
t Annales de Cbimie et de Physique, tome 73, p. 77. 
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compound may preserve its leading chemical characters^ al- 
though its hydrogen be exchanged for chlorine. Chemists were 
not prepared for the admission of this equivalency of chlorine 
and hydrogen from anything observed in inorganic compounds. 
The two elements seemed, indeed^ to be strongly contrasted, 
chlorine typifying the electro-negative or salt-radical class of 
elements, and hydrogen belonging, incontestably, to the electro- 
positive or basyle class with the metals, although not occupying 
a high place in that class. One equivalent of chlorine being 
also isomorphons with two equivalents of manganese, to which 
latter element hydrogen appeared to be related, as a member of 
the magnesian family, the isomorphous relation to be looked for 
was one of chlorine with two of hydrogen, and not with one of 
hydrogen as in oxamethane and chloroxamethane lately com- 
mented upon. 

But it is to be remembered that no body is absolutely 
chlorous (electro-negative), or zincous (electro-positive), but 
only relatively so to certain other bodies. Hence although 
zincous to chlorine, hydrogen is chlorous to carbon, or hydro* 
gen is the ckloroua constittient of the organic compounds 
in question. Even among inorganic compounds, we have in- 
stances of hydrogen discharging the same function, as in the 
class of phosphuretted hydrogen and arsenietted hydrogen, 
where 3 atoms of hydrogen are chlorous, and may be 
replaced by oxygen, chlorine, etc. (In ammonia, on the con- 
trary, nitrogen appears to be the negative, and hydrogen the 
positive constituent.) In this way that universal dualism in 
the constitution of a compound, or distribution of its elements 
into two opposed classes, conducing to binary combination, 
which has never ceased to be a recognised doctrine of chemical 
science, in some form or other, with reference to inorganic com- 
poimds, is extended also to organic compounds. Such a doctrine 
which might always have been maintained on abstract grounds 
appears now to be inevitable from the observed substitutions 
of chlorine for hydrogen. Hydrogen then 'being viewed 
as a chlorous element in such compounds as carburetted 
hydrogen and olefiant gas, while carbon is the basyle or zincous 
element, the former element may therefore be replaced by other 
bodies higher than itself in the scale of salt-radicals, such as 
chlorine, without any essential derangement of the constitution 
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of the original compound. The equivalent substitution of 
chlorine for hydrogen is thus admitted in its full extent. This 
substitution appears to confirm and extend what is generally 
understood at the electro*chemical distribution of elements, on 
which our ideas of binary combination are founded, and not 
to be opposed to or incompatible with such views. 

The isomorphism of chlorine and hydrogen, equivalent for 
equivalent, if confirmed, will cause the removal of the latter 
element from the magnesian class, but establishes a relation 
between hydrogen and silver, and therefore places the former 
on the verge of thepotassium group. Hydrogen certainly possesses 
many relations to mercury, if not absolutely isomorphous with 
that metal (page 656). 

By a chemical type M. Dumas understands a certain number 
of elements combined together, every one of which, whatever 
be its nature, may be replaced by another, «md indeed every 
one in its turn, so that not a trace of the original compound 
may remain. The arrangement of the elements in regard to 
each other remains always the same, and that is the character of 
the type. Thus all the chlorinated compounds derived from 
hydrochloric ether, including perchloride of carbon, contain ten 
atoms, which are supposed to have the same arrangement as 
in hydrochloric ether itself. Aldehyde produced by the partial 
oxidation of alcohol, and chloral by the action of chlorine upon 
alcohol, contain the same number of atoms and belong to one 
type: 

Aldehyde, C^HgO + HO, or CJlfi^. 
Chloral, C4CI3O + HO, or €4^303. 

When on the other hand, an atom is withdrawn from a 
compound without being replaced by another, the atoms which 
remain cannot retain their original position, and anew type 
must result. It is supposed by Dumas, that chlorine may replace 
carbon, nitrogen and other elements besides hydrogen, and any 
one dement, indeed any other, without destruction of the 
primitive type. Such substitutions however, have not been 
effected, and on the view of substitution taken above are not 
to be expected, for carbon at least must always be considered 
as the basyle or electro-positive constituent of organic com« 
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pounds, tod nerer like oxygen^tiitrogea and hydrogen, as chlorous 
or electro-negative. Eren where chlorine replaces hydrogen^ 
the type is not uniformly preserved, for we find occasionally thd 
nine body derived by substitution from two different types, as 
perchloride of carbon from both Dutch liquid and hydrochloric 
ether. 

The reference of bodies to a common type has often an 
advantage over their classification under a common radical 
or according to any theory of constitution, as it involves les^ 
that is speculative. The former asserts only that the bodies 
contain the same number of atoms and have a common consti" 
tution, but says nothing as to what that constitution is. Hencd 
a type may be denoted by an empyricat formula of the simplest 
kind expressing nothing but the elements and their number, in 
which changes by substitution can be distinctly exhibited. It 
is useful, in the present uncertain state of our knowledge res* 
pecting the constitution of organic Compounds, to have such* a 
mode of expr(Bssing compounds and exhibiting their relations 
in composition, but it does not supersede rational theories of 
constituti(Hi. 

TRANSFORMATIONS OF ORGANIC SUBSTANCES. 

ACTION bF FERMENTS. 

Coifeiplex organic substances frequently divide themselves 
into two or more compounds of a simpler constitution, without 
th^ intervention of any intelligible chemical agency. The 
presence of a second oi^nic substance, however, is an essential 
tondilion of such transformations^ although the ktter substance 
does not contribute to the change by imparting any new element 
to the decomposing body, nor by abstracting any element from 
it. The resolution of sugar into carbonic acid and alcohol in 
fermentation, by the contact of yeast, is a familiar example of 
such a change (page 7^0). Decomposition of this kind has 
been distinguished as catalysis, and the second body which 
determines the changes in the first, by an action of presence, 
termed the caicdytic agent (page 195). The recent study of 
Mch decompositions has iievealed the circumstance that the 
activity of the catalytic i^nt is connected with its being itself 
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in a state of decomposition at the time. The yeast is only 
active when^ by access of air, it has become subject to oxidation, 
and the decomposition of the sugar is looked upoii by M. liebig 
as a reflex action of the decomposition of the yeast. The views 
of that eminent philosopher on the action of yeast and other 
ferments will be best explained in his own words. 

'* This\ action may be expressed by the following law, long 
since proposed by Laplace and BerthoUet, although its truth 
with respect to chemical phenomena has only lately been 
proved. ' A molecule set in motion by any power can impart 
its own motion to another molecule with which it may be in 
contact.' " 

This is a law of dynamics, the operation of which is manifest 
in all cases, in which the resistance (force, affinity, or cohesion,) 
opposed to the motion is not sufficient to overcome it. 

We have seen that ferment or yeast is a body in the state of 
decomposition, the atoms of which, consequently, are in a 
state of motion or transposition. Yeast placed in contact with 
sugar, communicates to the elements of that compound the 
same state, in consequence of which, the constituents of the 
sugar arrange themselves into new and simpler forms, namely, 
into alcohol and carbonic acid. In these new compounds the 
elements are united together by stronger affinities than they 
were in the sugar, and therefore under the conditions in which 
they were produced further decomposition is arrested. 

We know, also, that the elements of sugar assume totally 
different arrangements, when the substances which excite their 
transposition are in a different state of decomposition from the 
yeast just mentioned. Thus, when sugar is acted on by rennet 
or putrefying vegetable juices, it is not converted into alcohol 
and carbonic acid, but into lactic acid, mannite, and gum. 

Again, it has been shown, that yeast added to a solution of 
pure sugar gradually disappears, but that when added to ve- 
getable juices which contain gluten as well as sugar, it is re- 
produced by the decomposition of the former substance. 

The yeast with which these liquids are made to ferment, has 
itself been originally produced from gluten. 

The conversion of gluten into yeast in these vegetable juices 
is dependent on the decomposition (fermentation) of sugar ; for, 
when the sugar has completely disappeared, any gluten which 
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may still remain in the liquid, does not suffer change from 
contact with the newly-deposited yeast, but retains all the 
characters of gluten. 

Teast is a product of the decomposition of gluten ; but it 
passes into a second stage of decomposition when in contact 
with water. On account of its being in this state of further 
change, yeast excites fermentation in a fresh solution of sugar, 
and if this second saccharine fluid should contain gluten, (should 
it be warty for example,) yeast is again generated in consequence 
of the transposition of the elements of the sugar exciting a 
similar change in this gluten. 

Afier this explanation, the idea that yeast reproduces itself 
as seeds reproduce seeds, cannot for a moment be entertained'^.* 

To these may be added the results of the very recent in- 
quiries of MM. Boutron and Fremy on the phenomena of the 
fermentation of malt. These chemists find that the same azo- 
tised matter in the grain, which acts as the ferment, passes 
through a succession of changes, and can excite different kinds 
of fermentation at different stages in the progress of its decom- 
position ; that it is not one but a series of ferments. It is as 
diastase that it first appears, or this is the first condition of the 
ferment in the infusion of malt, as is proved by the action 
which it exerts upon starch, the latter being converted into 
sugar. From the acidity of the liquor which is afterwards 
observed, it is evident that the azotised matter next takes the 
character of the lactic ferment (page 808), and converts the 
sugar, to a certain extent, into lactic acid. A period then 
arrives at which the liquid, still transparent, becomes turbid, 
and'the resulting precipitate is the matter which can produce 
the alcoholic fermentation ; and it is only at this epoch that 
alcohol is formed and carbonic add disengaged. That it is the 
insoluble precipitate to which the alcoholic fermentation should 
be ascribed, is proved by filtering the liquid to separate the 
ferment, when the alcoholic fermentation is immediately 

arrested.f 
The action of yeast and all other ferments is destroyed by the 



* Liebig*s Orgnnic Chemistry in its applications to Agriculture and Physiology, 
edited by Dr. Lyon Playfair. 

t Aon. de Chim. &c. 3 serie, t. 2, p. 269. 
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temperature at which water boils, by alcohol, by acids, salts of 
mercury, sulphurous acid, chlorine, iodine, bromine, by arc* 
matic substances, volatile oils, and particularly empyrenmatic 
oils, smoke and a decoction of coffee, these bodies in aome 
cases combining with the ferments or otherwise effecting their 
decomposition. 

The following are additional instances of fermentation. The 
smell and taste which distinguish wine from all other fermented 
liquids depend upon cmanthic eiher, which contains a peculiar 
acid ; and those of spirits from com or potatoes upon a peculiar 
oil, the oil of potatoes. Both of these substances are produced 
in fermentation, the former probably from the tartaric acid of 
the wine, the latter by a simultaneous decomposition of the 
cellular tissue of the grain or potato. The oil of potatoes has 
all the characters of an alcohol (page 813). The production of 
this oil is completely prevented in the fermentation of beer, by 
liie presence of an aromatic substance, the volatile oil of hops* 
In the fermentation of the Herba cefUauriutn ndnorius, a plant 
which possesses no smell, a true ethereal oil is formed, of a 
penetrating agreeable odour. The leaves of tobacco, when fresh, 
have little or no smell, and when distilled, yield a white, fatty, 
orystallizable substance (nicotianine), which contains no nitro- 
gen and is quite destitute of smell. But when the same plant, 
after being dried, is moistened with water, tied together in 
small bundles, and placed in heaps, a peculiar process of decom* 
position takes place. Fermentation commences, and is accom- 
panied by the absorption of oxygen ; the leaves now become 
warm and emit the characteristic smell of prepared tobacco and 
snuff. When the fermentation is carefrdly promoted, and too 
high a h^t avoided, this smell increases and becomes more 
delicate; and after the fermentation is completed, an oily 
asotised volatile matter, called nicotine^ is found in the leavea* 
This substance which possesses all the properties of a base, 
was not |»resent before the fermentation. The different kinda 
of tobacco are distinguished frx)m one another, like wines, by 
having very different odoriferous substances, whidi are gene- 
rated along with the nicotine (Liebig). 

M. Liebig also ascribes the morbific action of matters of con- 
tagion and miasms, to their operation as ferments. He appliee 
the law already quoted to organic substances forming part of 
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the uumal organism. '^ We know th«fc all the constituents of 
these substance^ are formed from the blood, and tiiat the blood 
by its nature and constitution is one of the most complex of all 
existing matters. 

Nature has adapted the blood for the reproduction of every 
individual part of the oi^nism ; its principal character consists 
in its component parts being subordinate to every attraction. 
These are in a perpetual state of change or transfornuition, 
wbidi is effected in the most various ways through the influ- 
ence of the different organs. 

The individual oi^gans, such as the stomach, cause all the 
organic substances conveyed to them which are capable of 
transformation to assume new forms. The stomach compels 
the elements of these substances to imite into a compound fitted 
for the formation of the blood. But the blood possesses no 
power of causing transformations ; on the contrary, its princi- 
pal character consists in its readily suffering tranrformations ; 
and no other matter can be compared in this respect with it. 

Now it is a well-known fact, that when blood, cerebral sub- 
stance, gall, pus, and other substances in a state of putrefaction, 
are laid upon fresh wounds ; vomiting, debility, and at length 
death, are'^occasioned. It is also well known that bodies in 
anatomical rooms frequentiy pass into a state of decomposition 
which is capable of imparting itself to the living body, the 
smallest cut with a knife which has been used in their dissec- 
tion producing in these cases dang^ous consequences. 

The poison of bad sausages belongs to this class of noxious 
substances. Several hundred cases are known in which death 
has occurred from the use of this kind of food. In Wirtemberg 
especially, these cases are very frequent, for there the sausages 
are prepared from very various materials. Blood, liver, bacon^ 
brains, milk, meal and bread, are mixed together with salt and 
spices ; the mixture is then put into bladders or intestines, and 
dier being boiled is smok«d. When these sausages are well 
prepared, they may be preserved for months, and frirnish a 
nourishing savoury food ; but when the spices and salt are 
deficient, and particularly when they are smoked too late or not 
sufficiently, they undergo a peculiar kind of putrefaction which 
b^ns at the centre of the sausage. Without any appreciable 
escape <^ gas taking place, they become paler in colour, and 
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more soft and greasy in those parts which have undergone 
putrefaction, and they are found to contain free lactic acid or 
lactate of ammonia; products which are universally formed 
during the putrefaction of animal and vegetable matters. 

The death which is the consequence of poisoning by putrefied 
sausages succeeds very lingering and remarkable s3rmptoms. 
There is a gradual wasting of muscular fibre, and of all the con- 
stituents of the body similarly composed. 

Sausages, in the state here described, exercise an action upon 
the organism, in consequence of the stomach and other parts 
with which they come in contact not having the power to arrest 
their decomposition ; and entering the blood in some way or 
other, while still possessing their whole power, they impart 
their peculiar action to the constituents of that fluid. 



MOLECULAR THEORY OF ORGANIC COMPOUNDS. 

It is observed by Liebig that in all organic compounds it is 
necessarv to consider two kinds of attraction, that of the con- 
tained radicals, and that of the ultimate elements themselves 
for each other ; which last attraction is not superseded by the 
former. To these elemental attractions we are to look for an 
explanation of the phenomena of substitution. 

Any theory of combination would be incomplete which did 
not provide in the constitution assigned to both elementary 
and compound bodies, for that propagation of chemical action 
to a distance which is witnessed in the voltaic circle. The con- 
sideration of that action has already forced upon us the conclu- 
sion that even a free element such as a metal, in the state in 
which we operate with it, has a complex molecular structure, its 
atoms being grouped, so as to represent binary compounds. 
Hence in combining two different elements, we have realty to 
undo a previous but weaker combination in both cases, before 
the dissimilar elements unite; and consequently, even where 
combination appeared most direct, we have the compound really 
formed by a mutual double decomposition, or by the substitu- 
tion of one element for another in pre-existing firames of com- 
pounds. The universal susceptibility of compounds of all kinds 
to decomposition under electrical action of high intensity^ 
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i^pears also to argue a greater simplicity and sameness of eon- 
Btitation of chemical compounds than is generally recognised. 

We are repelled by the idea of atoms of the same kind having 
the relation to each other of combination^ for diversity of na- 
ture appears to be the reason why bodies combine. The 
intensity of the combination certainly increases with the diver- 
sity, but this does not prove that such diversity is an essential 
condition of combination. Combination^ indeed, appears to be 
the natural condition of matter, the source of its cohesion and 
aggregation, which it retains by inertia, and decomposition to 
require the application of a force, such as the communication 
of heat to atoms which supplies them with the repulsive power 
required to overcome their combination. 

The fundamental elemental combination of every compound 
is assumed to be binary, one element being chlorous (negative), 
and the other zincous or basic (positive) ; or one set of the ele- 
ments being chlorous, and anotiber set basic. This difference 
in the character of the elements of a compound may be ex- 
pressed by writing its formula in two lines, placing the basic or 
positive elements in the lower, and the chlorous or salt-radical 
elements in the upper line : 

Water —., carbonic acid--?, hydrate of potash -JL—, carbonate of 

potash 9^2* defiant gas 5*, or ^^i ether ?5^, alcohol 
HgO.O 



i 

» 



Most of these formulae are meant only to express that certain 

dements collectively are chlorous and certain others collectively 

basic In ether, for instance, 4 atoms (C4) are basic, against 

6 atoms (H5O) chlorous; but it is to be supposed that 

many compounds admit of a division into more simple 

H 
binary compounds, defiant gas --^ into two binary compounds 

^4 

H H 
2C2H2, expressed thus, ^^'"^ ; or even four binary compounds 

H H H H 
4CH, expressed thus, * ' ' . No particular binary arrange- 

ment of this kind, however, is at present insisted upon, unless 
in a few cases. All that is assumed is : 

2 B B 
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1. That the basic or pcwitiye element or elements are in imme- 
diate combination with the chlorous element or elements placed 
above them in the formulcB. 

2. That these binary compomids again are associated together 
BO as to form the compound molecule, from an attraction of all 
the basic elements for each other, and of all the chlorous ele- 
ments for each other, of such a nature as retains together the 
3 atoms of the same kind which form a single equivalent of 
nitrogen or phosphorus, the 3 atoms of cyanogen in cya- 
Quric acid, the various multiples c^ C^H^ grouped together in 
the molecule of olefiant gas and hydrocarbons isomeric with it, 
or the multiples of C5H4 in the molecule of oil of turpentine 
and a large class of essential oils. A complex orgamc mole^ 
cules is thus represented as an association of two or more binary 
compounds^ comparatively simple in constitutiouy often isolaUe 
substances and possessed 0/ considerable stability. 

In the superior or chlorous portion of the formuke of orgamc 
compounds we may generally expect to find chlorine, oxygen, 
nitrogen, hydrogen ; and in the inferior or basic portion, car- 
bon, or carbon and hydrogen. The former elements appear to 
be chlorous in the order in which they are enumerated : 

Chlorine 
Oxygen 

Sulphur 

Nitrogen 

Hydrogen. 

We find in substitutions, those in the lower part of the table 
replaced by those above them, hydrogen at the bottom of the 
table eminently so by chlorine at the top, and hydrogen also by 
oxygen. Nitrogen less frequently interferes, but it appears in 
certain cases more chlorous than oxygen and to replace that 
element ; only, however, in certain double decompositions as an 
element of ammonia, which are not sufficient to determine its 
place, as oxygen might be placed above chlorine from similar 
indications, as the conversion of chloroform F0CI3 into for- 
mic acid F0O3 by potash. 

Compounds of the same type. — ^These are bodies which have 
the same number of elementary atoms, and the same numbers 
of them chlorous and zincous. As : 
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H 
Ofolefiantgas type: oliefiant gas ^; cfaloridie of carbon 

HO H CI 

Of ether type t ether -^- j chloride of ethyl - ^ ■ ; chlori- 

Bated ethyl I?^2, &c. 

Of alcohol type: alcohol Ms?^ ; acetic acid MsJ^J ; chlo- 

C^ H (>4. U 

noetic add ^3^ 

C4. H' 

Of aldehyde type: aldehyde ^^; chloral^?-?!^. 

C4. H C^a H 

^^monto. — ^The molecular formula of ammonia appears to be 

N H 

=-, and not -r^. The hydrogen of ammonia being basic^ ac- 

eording to the first formula, should not be replaced by ehlorine, 
and certainly chlorinated salts of ammonia^ analogous to the 
chlorinated compound ethers, hare not been observed. Our 
knowledge of the composition of the explosive chloride of ni- 
trogen is not sufficiently certain to decide the. question. It 
will be remembered that N in the formula above is equivalent 
to O3 or Hg, Wohler's white precipitate of mercury HgCl 
+NH3 (page 666), and ordinary white precipitate, HgCl 
+HgNHa, ^^ assimilated, being expressed respectively by^ 
CI .N J CI. N 

The black compound, produced by solution of ammonia upon 

calomel, is expressed by ^^TO,' "" ^^'^^^ ^^ Hg^H^Hg , 
Thus amidogen is not necessarily present in the supposed me- 
tallic amides ; but appears to be more necessary to the constitu- 
tion of oxamide and urea, particularly the last. Of oxalate of 

ammonia, and oxamide, the molecular formula are : ^^' * 

Cyanogen and cyanides. — ^The formula for cyanogen is 

2 B B 2 



732 PREUMINARY OBSERVATIONS. 

^; for hydrocyanic acid ^M, and not-^^. That the hy- 

drogen of hydrocyanic acid is chlorous and not basic, appears 
in its being replaced by chlorine, with formation of hydrochloric 

acid and the chloride of cyanogen, -7^—. Hence, also, the lit- 

tie action of potash and strong bases upon hydrocyanic add 
(page 989), its hydrogen, unlike that of ordinary hydrogen adds, 
being chlorous, while the same hydrogen is readily replaced by 
the more chlorous metals, such as mercury, the cyanide of mer- 
cury being ^ , The latter salt is not decomposed by strong 

acids, as it would be if its constitution resembled that of cya- 
nide of potassium . But cyanide of mercury is readily 

decomposed by sulphur and sulphuretted hydrogen, and by 
hydrochloric acid, sulphur and chlorine assuming the mercury 
and forming sulphuret and chloride of mercury respectively, 
while hydrogen is left in the place of the abstracted mercury^ 

NH 

and hydrocyanic acid -^r- reproduced. 

The two atoms of cyanide of hydrogen, which exist in /erro- 

cyanic acid, FeCy + 2l^Cy, have, on the contrary, the constitution 

of an ordinary hydrogen-add, the hydrogen being strongly basic 

and easily replaced by the basic metals, potassium &c. while 

N 
the iron is not. It thus contains ^ . But the iron of the 

associated cyanide of iron not being predpitated by potash (re- 
placeable by potassium), must be chlorous; and this metallic 
cyanide, therefore, resembles ordinary hydrocyanic acid in con* 

stitution, or is -7^ • 

Perrocyanic add ... . ^^ ' ^- 

Kj2 • ^4-^a 

Ferrocyanide of potassium . NFe . N^^ 

The molecular formulee for /errkyanic acid (H3 + FcjCyg), 
and {or ferricyanide of potassium (Kg+FcjCyg), dedudble from 
the same principles, are : 
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Ferricyanic acid .... ^sjla-i-^^. 

Ferricyanide of potassium . ^sFe^ ■ ^s 

Cg . C0K3 

Asngning to sulphoeyanogeny C^NS^, the molecular formula 
-p-^, its compounds will be : 

N S 
Hydrosulphocyanic add . • 77-77 

Sulphocyanide of potassium • ^ "a 

Hydrated q^anic acid and cyanate of potash will be represent- 
ed by formulae which assimilate them to the preceding compounds : 

Hydrated cyanic add . . 2^-^> 

Cyanate of potash . • . f™2. 

CjK 

The two isomeric bodies q/anate of ammonia and urea (page 
392) have different molecular formulee : 

Cyanate of ammonia . tt^'tt 

C2 H * H3 

Urea N .O,. N 

In the last formula urea is represented as containing 1 
atom of cyanogen^ 2 atoms of water and 1 atom of amidogen. 
According to tibe more common opinion, it contains 2 atoms of 
carbonic oxide and 2 atoms of amidogen, a view which may be 
expressed by making a slight change in the upper line of the 
preceding formula : 

U«« O^'N .N 

wAv^OT . • . . . r% xj TJ 

But the existence of cyanogen in urea being probable, the 
first formula is preferable. Urea may then be compared with 
aUanioin, which contains 2 atoms of cyanogen and 3 atoms of 
water: 
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All * • N-.O, N .0,.N 

AUantoin . . . ^^^==5, or » . 

Doubling the atom of allantoin, that substance and its com- 
pound with oxide of silver will be : 

^*'Q^ and ^^'3 

From the different action of potash upon the isomeric bodies, 
Dutch liquid and protocUorinated chloride of ethyl^ there can 
be little doubt but their molecular formulae are really different : 

Dutch liqxdd -^ — 1=5-; protochlorinated chloride of ethyl —1—^ 

and while the other chlorinated compounds of chloride of ethyl are 

— A_-3 and — w-^, those (rf olefiant gas, isomeric with the pre- 

H CI CI 

ceding, are, as appears by the action of an alkali, ^ ^' , and 

C4 • rl 

HCl CI 
^ ^' . For from Dutch liquid and the two last mentioned com- 
^4.11 

pounds, potash withdraws HCl, and liberates three compounds 

of the same type : ^^, 5^^]^ and 5^3. 

C4 C4 C4 

The elements which are chlorous together or basic together 
in a compound, certainly exert an influence upon each other, 
although they are not to be supposed to be combined, as those 
of different name are, with each other. For we find a tendency 
among them to arrange themselves in pairs. Thus the chlo- 
rinated compound of oxide of ethyl, most readily formed, is 
that of which the empyrical formula is C4H3CI2O, and the mo- 
lecular formula — ^^—— , or rather — 2_^ , of which the three 

atoms of hydrogen are associated with three 6till more chlorous 
atoms namely two of chlorine and one of oxygen. There can 
be no doubt that these three remaining atoms of hydrogen are 
thus in some degree defended from the fi&rther action of chlorine, 
and less easily removed than the other two. 

The molecular formula of oil of bitter almonds, or hydruret of 

HO H O O 

benzoyl appears to be f ^ ; of hydrated benzoic acid --A_jr 
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Of the oil of spir€ea or salicplous acid, which is isomeric with 

the last, ^ ^ * ; of chlorosalicylous acid,->— 1-~; and of hy- 
C14H C14H 

drated salicylic acid, —LJ, or - 5_5: 

The peculiarity of oil o£ spireea, or salicylous acid, is that its 
single basic atom of hydrogen is removeable by itself, like that 
of a hydrogen acid, in the formation of salts, while of hydrated 
benzoic acid, both H and O are removed in the formation of 
salts. This difference is expressed in their molecular formulae. 

The hydrated and bibasic bromobenzoic add is an association 
of two acids, one of which differs from the other in having an 
atom of hydrogen replaced by bromine 5 namely HO + C14H5O4 
and HO+Ci4H4Br04. Of these two the molecular formulas 

may be, of the first, ^s24^and of the second "A°''g . 

Vyj4 • tl ^14' ""• 

(Xbenzamide, Bz+Ad, or C14H5O2+NH2, the molecular 
formula may be - ^ ^ ^ , in which N replaces 30 of hydrated 

benzoic acid. 

Of hydrobenzamidef C^^JI^^i^ produced by the action of 
ammonia on the hydruret of benzoyl, the molecular formula is 

■ ^ * ; or that of the oil, with 20 replaced by N^. 
Of saUcyKmide^ HO+C,4H50N4, produced by the action of 

ammonia on salicylous acid, _51--i, or ^ tt 5 ^^^ ^^> 

Cj4H C|4 • H 

salicylous acid with 20 replaced by Nf 
Of chlorosalicylimide, Ci4H3Cl30aNi, HaClg^Og^ ^^ 

CI H O N» 
^"^^^ ; three atoms of the chlorous hydrogen of salicyli- 

mide being rej^aced by chlorine. 
Formation of acids. — The formula of benzole or benzin, is 

of the neutral body, sulphobenzide, — ^ — 2, or -j^^-— 



To the last hydrated sulphuric acid is attached, in sulphobenzic 
^cid - H5Q2 O3O or "580,03.0 

C'22'^*'^* ^ ^12 -^^ '^ 

Sulphurous acid, SO,, is a body like sulphobenzide ; in hy- 
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posulphuric acid it has hydrate of sulphuric acid attached to it. 
Sulphurous acid, ^; hydrated hyposulphuric acid, ^\/\i 

The neutral substance, benzile, Ci^^Hfi^y ^^ ^^s^io^Af ^®" 
comes benzilate of potash, by fixing the elements of hydrate of 

potash ; thus benzile, — ^?--^ ; benzilate of potash, J^ *j^ ^ 

When the potash is withdrawn from the latter by a stronger 

acid, hydrated benzilic acid is formed, 1^ ^u\r ^^^^ 

neutralised with bases, this hydrate loses an atom of water and 
acquires an atom of metallic oxide in its place* 

Chlorisatin. a neutral substance, when dissolved in caustic 
potash is converted into chlorisatinate of potash, in a similar 

manner : Chlorisatin, *^;^ ; chlorisatinate of potash, 
H^ClOsN.aO Decomposed by a strong acid, the latter salt 

• 11^ ^ -11 " ±» • •J H4.C10qN.0»0 

gives hydrate of c/uonsahtnc acid, — *= — ^ — ^_,^ 

v/|Q • rl«rl 

Concentrated acids decompose this hydrate, assuming its 

water, and reproduce the neutral chlorisatin. It is clear that 

the anhydrous acids generally, such as SO3, PO5, &c., belong 

to the class of sulphobenzide and chlorisatin, and owe their 

power of combining with bases to the association with them of 

an atom of water. 

Hydrate of sulphuric acid, ^* ; hydrates of phospho- 

ric acid ^*'^ ®»-®« and ^^'^^ 
nc acid, jp-jj, p^ and -p^. 

We have other series of compounds of which the members 
only differ from each other, in containing different proportions 
of water or its elements attached to a common basis, as starch, 
gum and starch sugar ; gum being starch plus 1 atom of water; 
and starch sugar, starch plus 2 atoms of water. It is at present 
impossible, however, to assign a probable molecular formula to 
the basis of the starch and many other series of compounds, from 
our ignorance of the function of the hydrogen in their constitu- 
tion, where the hydrogen has not been replaced by another 
element more decidedly chlorous or basic in its character. 
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CHAPTER U. 
SECTION I. 

AMYLACEOUS AND SACCHARINE SUBSTANCES. 

STARCH. 

Syn. FSCULA9 amylin; Ci^Hi^Oi^; in combinatTon with 
oxide of iead,CiaHgOg+2PbO, (Payen). Its composition, well 
dried in vacuo at 212^, is 

12 atoms of carbon. • . . 917*23. . 44.91 
10 atoms of hydrogen. . . 125.00.. 6.11 
10 atoms of oxygen. . . . 1000.00. . 48.98 

204.22., 100.00 

Starch is separated from a variety of vegetable substances 
containing it, firom the grains of the different cereals, many roots 
sudi as the potato, the stems of many monocotyledonous plants 
particularly the palms, and from several lichens. It is con- 
tained in die cavities of the vegetable cells, in the form of small 
white and brilliant grains, which are not crystalline, but have a 
rounded outline without any determinate form. It is so far an 
oiganised substance, that each grain has a spedes of envelope, 
which resists the action of cold water, while the inner portion 
is observed by the microscope to be composed of concentric 
layers of unequal thickness, as if the layers produced during 
the day exceeded in thickness those formed during the night. 
(Fritssdie). The grains of the starch of different plants differ 
in sise, those of the potato being about -rhrt of wheat t^, of 
millet, TTrvmrth of an inch in diameter, according to observations 
of Raspail. But it is also known that the starch grains of the 
same plant differ in size at different stages of its development. 

The purest starch is obtained from potatoes, which are 
reduced to a pulp and washed on a sieve. The grains of starch 
are separated and passed through; they may be washedrepeatedly 
with cold water. Potatoes yield 15 to 17 per cent, of starch ; 
wheaten flour consists essentially of starch and another vege- 
table principle gluten. When made into dough with a little 
cold water, inclosed in a linen bag, and gently pressed by the 
hand in water, so long as a milky juice exudes, these two subs- 

2 c c 
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tances are in a gceat measure separated^ the gluten remaining in 
the bag, and the grains of starch being diffused through the water;, 
from which they afterwards subside. On the large scale, wheaten 
meal coarsely ground is mixed with cold water in large vats, in 
which, with a certain addition of sour water from a former 
process, the liquid ferments for seven or eight days, and the 
starch subsides. The acetic acid formed in the fermentation 
dissolves the greater part of the gluten of the flour, and the 
bran is separated from the starch by a fine sieve. The starch 
is afterwards mixed with pure water in the vat and allowed to 
settle ; the remaining gluten is deposited as a grey slimy matter 
above the starch, which is removed, and the starch washed 
again till pure. For the fermentation, the action of a weak solu- 
tion of caustic alkali has lately been substituted, by which the 
gluten of flour is dissolved and the starch left. Mr. O. Jones 
employs a ley containing 200 grains of caustic soda in one gallon 
of water. A ley containing 400 grains of soda causes the starch 
to gelatinize ; by that quantity of ley, one pound of excellent 
starch is obtained from flour of rice, allowed to digest in it in the 
cold for forty-eight hours. 

Arrow root is the starch from the root of the marantha arun- 
dinaoea. It is not accompanied by any odoriferous principle, and 
has therefore no smell when boiled with water, in which respect 
it resembles potato starch washed with alcohol. Sago is 
derived from the pith of true palms of the genus Sagus ; tapioca 
or cassava^ from an American plant, the iatropha manihot, of 
^which the milky juice, itself poisonous, deposits when diffused 
through water a harmless starch. The peculiar appearance and 
solubility in cold water of sago and tapioca arise from the starch 
being exposed while humid to a temperature above 140^, so that 
it is dried in the gelatinous condition and not in the original 
grams. 

Starch or fecula may be purified from adhering gluten by 
maceration in diluted acetic acid, or by means of a cold and 
dilute solution of alkali. The starch of commerce is perfectly 
white, and in small columns formed by the contraction of the 
humid mass of starch in drying, which are easily reduced to a 
fine powder. It emits a particular sound when pressed between 
the fingers, its density is 1.53. The other characters which 
fecula exhibits are complete insolubility in cold water and in 
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alcohol^ but resolving itself in boiling water into a mucilaginous 
Uquid, which forms a jelly on cooling. This when suddenly 
dried upon linen imparts considerable stififhess to it. Dilute 
acids dissolve starch, and form a transparent and highly fluid 
liqmd. When this solution is boiled for a long time, the starch 
is first converted into a body having the properties of gum, and 
afterwards into starch sugar. Nitric acid with the assistance of 
heat converts starch into oxalic and malic acids, without pro* 
dudng a trace of mucic acid. Starch is also soluble in alkalies ; 
when brayed with a concentrated solution of hydrate of potash, 
it forms a transparent gelatinous compound soluble in alcohol 
and water, from which the starch is precipitated by acids. Starch 
is precipitated from solution by lime water and hydrate of barytes, 
and by sub«>acetate of lead containing ammonia, forming insoluble 
compounds with lime, barytes and oxide of lead. A solution 
of starch is also coagulated by borax, which combines with and 
predpitates the starch, but not by boradc acid. Starch is pre- 
dpitated by an infusion of gallnuts. It forms a blue insoluble 
compound with iodine. 

Gelathums starch or amuitn.— ^In this state starch a[q>ears to 
retain a portion of its organisation or structure, upon which 
some of its properties depend, and which is the cause of the 
difference in properties of the varieties of starch, containing 
the same chemical principle. When grains of fecula are 
rubbed in a mortar with sand, their coating is broken and they 
form a greyish white powder, which when mixed with a little 
cold water immediately expands and forms a transparent jelly. 
If the uninjured grains be thrown into water above 140^, they 
imbibe water, sweU and burst their envelopes, which have a 
certain degree of elasticity, and undergo the same change. But 
the gelatinous starch has imbibed water like a sponge, without 
being dissolved and when placed upon several folds of blotting 
paper imparts to the latter its moisture, and dries up into a 
mass resembling horn, which exhibits again the san^ phenomena, 
when after being reduced to powder it is treated with boiling 
water. A portion of the gelatinous starch, however, appears 
to be dissolved by a large quantity of cold water, about -^th of 
the starch, when the 'bruised grains are diffused through 100 
times their weight of cold water, and the whole of it when 
gelatinous starch is boiled with 40 or 50 parts of water ; for the 
mucilaginous liquid passes through a double paper filter and no 

2 c c 2 
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granules or solid matter in any other form can be perceived in 
the liquid by the microscope. The tegumentary portion of the 
starch, which amounts to three or four thousands of the whole^ 
remains on the filter, but may also be dissolved by continued 
boiling. When the quantity of starch dissolved by hot water 
is considerable, much of the starch separates in a gelatinous 
state, on the cooling of the solution. The peculiar character 
of the solution of starch in water has been the object of much 
research by M. Payen^ which lead to the observation that by 
the freezing of a solution of starch that substance separates firom 
the water and contracts into a species of tissue, which is not 
dissolved again on the thawing of the ice. It is the opinion of 
the same chemist that the organisation of the starch is not 
altogether effaced or its cohesion destroyed, so long as it is 
gelatinous and possesses the property of being stained by iodine 
of a blue, or of different shades of violet to red, according to 
the degree of its division.* 

Granules of starch o/M, Jacquelain.-^When starch is heated 
under pressure in a Papin's digester to 302^ (150^ cent), with 
from five to fifteen times its weight of water for two hours, 
the whole is dissolved except the tegumentary matter, and the 
solution is so thin that it may be filtered at tiie boiling tem- 
perature. This solution when it cools deposits a considerable 
mass of pulverulent matter, white and opaque and entirely 
composed of a species of granules^ first observed by M. Jacque- 
lain. These granules when examined by a microscope having 
a power of 200 diameters, present themselves as circular or 
spherical bodies, transparent^ and uniformly -rrhrr of an inch 
(ri^rvths of a millimetre) in diameter. When dried they have 
the whiteness of starch without its lustre. They are denser 
than water, and subside from that Uquid almost as quickly as 
fecula. These granules are scarcely soluble at 32^, slightiy so 
at 53.6^, but dissolve in a considerable proportion about 158^, 
and in still greater quantity at the temperature of ebullition. 
This increased solubihty is the most remarkable chemical change 
which the starch has undergone, by its solution in water at a 
high temperature. Anhydrous alcohol precipitates completely 
a solution of the granules and the aqueous solution of iodine 

• Annales de Chimie et de Physique, tome 65, p. 225. 
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makes it blue and not purple. When a film of a concentrated 
solution of these granules is left under the microscope, it is 
seen to be in a state of agitation so long as the evaporation of 
the water continues and when the matter comes to be dried, 
the granides cease to be visible, attaching themselves to each 
other as if soldered together, and forming a transparent plate 
in which nothing can be perceived even with a magnifying power 
of 800 diameters. A solution of the granules, when frozen and 
afterwards melted, gives the granules in the form of fine fila- 
ments, which are very short, and have a silky lustre. M. Jac-> 
quelain finds these granules and fecula, both dried between 26G9 
and 275^, to have the same composition, C12H10O1Q. But he 
constantly obtained a small quantity of nitrogen firom starch, 
about i per cent, from his granules and a somewhat larger pro- 
portion from fecula, which he conceives to be essential to that 
substance. The power which starch possesses to form these 
granules, must be considered as an organic property, and proves 
that it retains contractility, even when dissolved in water.* 
The original grains of fecula, which consist of concentric 
layers, are still more highly organised ; starch indeed occupies 
an important place in 4>rganic chemistry, as a link between 
matters truly organised and those bodies of a less complex 
constitution, which still belong to the organic kfngdom, but 
approach in their crystallization, volatility or chemical properties 
to mineral substancea properly so called. 

A compound of amidin and oxide of lead was formed by 
M. Payen, by dissolving two parts of pure starch in 250 parts 
of water, with ebullition for twenty minutes and pouring 
the filtered solution into an excess of the ammoniacal solution 
of acetate of lead (page 594), collecting and washing the preci- 
pitate upon a filter, and drying it in vacuo at 356® (180® cent.) 
He terms it the bibasic amylate of lead, Ci2H909+2PbO. 

Starch combines with chlorine, bromine and iodine. The 
solution of chlorine has little effect upon starch, but when dry, 
starch is introduced into chlorine gas, the latter is absorbed, a 
little carbonic add is evolved, the mass bec(Hnes liquid, assumes 
a brown colour, and is charged with much hydrochloric acid. The 
bromide of starch is an orange powder, ^hich is formed, ao- 

* Jacqoelain, Annales de Chtmie et de Physique, tome 73» p« 167. 
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cording to Fritzsche, when water saturated with bromine is 
dropt into a soluti(Hi of starch in water acidulated with hydro^ 
chloric acid. The colour is destroyed by a slight heat; to 
obtain the iodide of starch in a state of purity the following 
process is recommended. A firm jelly is prepared by boiling 
potato starch with water^ and after coolings a quantity of 
hydrochloric acid is added sufficient to occasion the mixture 
to become liquid when assisted by a slight elevation of 
temperature. The solution is then filtered and a solution 
of iodine in alcohol is mixed with it, so long as the latter 
produces a blue precipitate, care being taken not to add too 
much of the solution of iodine, as the alcohol of that solu- 
tion will then precipitate imcombined starch. The precipitate 
is collected, drained on a filter and washed with water 
poured upon it in small quantities. Once deprived of hydro- 
chloric acid, the compoimd dissolves in the water used to wash 
it; the washing is therefore interrupted so soon as the liquid 
which passes exhibits an intense blue colour ; the compound is 
removed firom the filter and dried on a capsule over sulphuric 
acid in vacuo. A brown-black gummy and very brilliant mass 
is thus obtained^ which can easily be |»ounded when perfectiy 
dry, but which becomes viscous by attracting hygrometric 
moisture. It is very easily dissolved by water, giving a deep 
blue solution, and may be recovered again by evaporation in 
vacuo, in a dry state and without alteration. When a solution 
of iodide of starch is heated, it becomes colourless^at 158^ or 
160^ if very dilute, but not under 194^ when the solution is 
concentrated. The colour reappears on the cooling of the 
solution, provided it has not been boiled. When the colour is 
not restored, the iodine appears to be converted into iodic and 
hydriodic acids. Animal charcoal discolours the blue solution^ 
carrying down iodine. The iodide of starch contains 41.79 parts 
of iodine with 58.21 of starch, according to the analysis of 
Lassaigne, or it consists of two atoms of iodine with one atom 
of starch. (Berzelius). 

Dewtrin or nnucUagmous starch^-^-'Bj the action of adds, 
alkalies, diastase, and of heat, a complete dissolution of the 
gelatinous starch may be effected ; it becomes largely soluble in 
cold water, the solution is mudlagmous and not gelatinous, and 
the altered starch has many of the characters of gum. Dextrin 
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is prepared by boiling a solution of starch with a few drops of 
solphuric acid, or by heating to 200<>, 100 parts of starch, 20 of 
sulphuric add and 28 of water, filtering and precipitating by 
alcohol, as a white glutinous substance becoming pulverulent by 
repeated washings with alcohol. It may also be prepared by 
diastase ; an infusion of malt is mixed with a solution of starch, 
in the proportion of 6 or 8 of malt to 100 starch, and the Uquid 
kept at 150^ for twenty minutes. From being milky and viscid, 
it becomes nearly as fluid as water. It is then heated quickly 
to 212^, to stop the farther action of the diastase, filtered and 
precipitated by alcohol. The solution of dextrin was supposed 
not to be affected by iodine, but Jacquelain finds that dextrin 
is coloured purple by iodine, and not blue, like fecula, or that 
is not colourable by iodine, according to the circumstances of 
its preparation. Thus i part of the granules with 5 parts of 
water, heated to 320^ for forty-five minutes, gave a dextrin 
which was colourable purple by iodine ; while the same mate- 
rials heated for one hour and forty-five minutes, at the same tem- 
perature, gave a dextrin not colourable by iodine. There can 
be littie doubt, therefore, that there are two varieties of dextrin, 
dextrin colourable by iodine^ and dextrin not colourable by iodine. 
These varieties of dextrin also appear in the succession of 
changes which fecula undergoes under the influence of an add. 
Thus a mixture of 1 part of fecula with 1 part of water and 
viir of oxalic add, gave when heated at 266^ for twenty minutes, 
dextrin colourable purple, for one hour dextrin not colourable, 
for two hours sugar of starch also not colourable. 

Dextrin is not fermentable by yeast, but is readily convertible 
by diastase and dilute acids into a sugar, which is fermentable. 
The name dextrin was apphed to it by Biot firom its effect upon 
a ray of polarised light passing through its solution, ui causing 
the plane of polarisation to deviate very considerably to the 
right.* The composition of dextrin according to M. Payen, 

* Memoirs hy M. Biot, on Circalar Polarisation; Taylor's Scientific Meoioira^ 
voL 1 pp. 5849 600, and Annales de Chimie et de Physique, tomes 69, p. 22, et 74, 
p. 401. When light polarised by reflection from the surface of a plate of black 
glass or from the surface of a pile of superposed plates of transparent glass reaches 
the eye through a disc of tourmaUo, a solution of dextrin being interposed in a 
tube between the reflecting plate and tourmalin, the light does not disappear in 
those positions of the tourmalin in which light would be completely absorbed 
without the interposition of the solution of dextrin \ but prismatic colours are 
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is C13H10O10, and of two dextrinates of lead dried at 356®, 
CitjHgOg-hPbO, and Ci3HpOj,+2PbO, so that dextrin is 
identical in composition with amidin, both when free and in 
combination. Both of the dextrinates of lead retain 1 eq. of 
water, when dried at inferior temperatures. A dextrinate of 
barytes, prepared by Payen by means of a solution of anhydrous 
barytes in wood spirit, and strongly dried between 356® and 
374®, gave Ci^HgOg+BaOjHO. 

When dry starch is heated in an oven it becomes brown and 
soluble in cold water. It then forms Briiiih gum, which cor- 
responds in properties with dextrin. 

Diastase. — ^This is a remarkable substance observed by Payen 
and Person in grains and seeds, but only after germination, and 
in the tubers of the potato near the places from which the 
shoots proceed. The production of diastase is the principal 
object of the malting of grain or permitting it to germinate, and 
has an important influence upon the changes which occur in 
the starch of grain in brewing. Diastase is prepared by moisten- 
ing freshly germinated barley with half its weight of cold water, 
and submitting it to pressure, by which a viscid liquid is 
obtained. This liquid is filtered and then heated to 158®, 
which causes the greater part of an asotised or albuminous 
matter existing in the liquid to be coagulated and separated. 
The liquid after filtration is mixed with a sufficient quantity 
of alcohol to precipitate the diastase and retain in solution the 
colouring matter, sugar and foreign azotised matter present. 
The precipitated diastase is washed with alcohol, dissolved again 
in water and thrown down by alcohol two several times, 
for the purpose of purifying it (An. de Chi. &c., liii, 73)* 
When dried it is a white solid amorphous substance^ soluble 
in water, but insipid, and not preajntated by subacetate of 
lead. It contains nitrogen, and has some analogy to gluten, 
but has not been obtained in a state of sufficient purity for 

produced which follow a certain order, if the plane of polarisadon is turned from 
left to right It ia by the order of these colours, that a liquid is said to polarise 
light to the right or to the left. The solution of starch polarises to the right and 
that of dextrin considerably more so in the same direction. While a solution 
of cane sugar produces the succession of colours in an inverse order, and is said 
therefore to polarise to the left. The progress of chemical changes may thus 
often be obsenred in a solution of starch, the juices of plants and oUier organic 
fluids. 
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analysia. Malted barley contains not more than 1«— 500th of 
its weight of diastase. The solution of diastase has no action 
upon many vegetable principles^ such as sugar^ gum> albumen 
and gluten, but has a specific action upon starch, converting 
a solution of that substance first into dextrin, and afterwards 
into the sugar of starch, and such is its energy that 1 part of 
diastase will convert 2000 parts of starch into sugar. Diastase 
acts upon gelatinous starch even at 32^, but most powerfully 
between 140^ and 150^. It has the remarkable property of 
separating the envelope from the grains of starch.* 

In the ordinary process of brewing, the mashing or infusing 
of the malt should be begun at 168^ or 170^, the temperature 
at which the diastase acts more advantageously, by which the 
starch of the grain is converted into sweet worts. The tem- 
perature may be afterwards raised by adding water at 185^ or 
195^ to the mash tun ; the saccharisation is generally completed 
in an hour and a half at the utmost, and the sweet worts are 
then run into a copper to be boiled and hopped, (Black on 
Brewing). The sugar of the cooled worts is afterwards fer- 
mented by the action of another principle yeast and converted 
into carbonic acid and alcohol, as will afterwards appear. The 
diastase of 1 part of malt is often made to succharise the starch 
of 10 or 12 parts of unmalted grain, when the sweet wort is 
to be fermented and distilled for spirits. 

Gluten* — ^This substance remains when the starch of wheat 
flour has been separated by pressing the dough in water till 
the washings are no longer milky, as a grey viscid adhesive and 
elastic substance. It is insoluble in water, but is dissolved by 
alkalies and also by acetic acid. It contains nitrogen, and when 
left humid in air, has a tendency to putrify ; when completely 
dry it is hard and brittle, with some resemblance to glue. Gluten 
fonns from 19 to 24 percent of good wheaten flour. According 
to Davy the wheat grown in the south of Europe is richer in 
gluten than that of colder dimates ; it is peculiarly suitable on 
that account for the manufacture of macaroni, vermicelli and simi- 
lar pastes, which are made by a kind of wire drawing. Gluten is 
one of the most nutritive of vq;etable substances ; when se- 

* The name diastase was applied to it from ^utrTtifu, I separate, in reference to 
its pTop^ty of separating two supposed constitaents of starch. 



746 AMYLACEOUS AND SACCHARINE SUBSTANCES. 

parated however from starch and pure, gluten is scarcely 
digestible. 

It is to the presence of gluten that wheat flour owea 
its property of forming a tenacious paste with water, and also 
a light spongy bread. In baking leayened or loaf bread, the 
dough is mixed with a quantity of yeast, or in its absence -with 
a portion of sour dough called leaven, and set aside in a warm 
place, which occasions the saccharine matter of the flour to 
undergo the vinous fermentation. The carbonic acid gas then 
evolved expands the gluten into vesicles and causes the riswff 
the dough, which then forms a light loaf when heated in the oven. 

Gluten is not a pure principle; when digested in hot 
alcohol tin every thing soluble is taken up, it leaves a bulky 
substance of a greyish colour which has been called veffetable 
albumen. The latter is soluble in water, but when the solution 
is heated the albumen coagulates and becomes insoluble ; it is 
also coi^ulated by the stronger acids. The true gluten, obtained 
by evaporating the alcoholic solution, retains its adhesive pro- 
perty and is soluble both in acids and alkalies. It is not 
precipitated from a solution in acetic acid by the acetate of 
lead or persulphate of iron, but abundantly by the chloride of 
mercury and infusion of gallnuts. 

InvMn. — ^This variety of starch was discovered by Y. Rose in 
the root of the Inula Helenium, to which it owes its name. It 
is also found in various other roots, and in some lichens. It is 
convenientiy obtained from the roots of the dahlia. The latter 
are rasped, washed with cold water and expressed, then boiled 
with water, and the hot solution filtered through linen. This 
solution may be clarified by white of egg, if muddy, evaporated 
till a pellicle forms on its surface, and then allowed to cool; the 
inulin is deposited in a pulverulent form. It is collected on a 
filter and washed well with cold water. Inulin is a very fine 
white tasteless powder, of density 1.336, very soluble in boiling 
water, but not gelatinizing, and requiring 50 parts of cold water 
to dissolve it. Iodine makes it yellow, and insoluble in cold 
water. It is insoluble in cold alcohol, soluble in acids, which 
change it with the aid of ebullition into sugar, and more readily 
than ordinary starch. It is converted by nitric acid into malic 
and oxalic adds, without a trace of mucic acid. It was found 
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by Mr. E. A, PanielU when dried at 212^^ to consist of 
C^ H^i O21. Two compounds which it forms with oxide of 
lead are thus constituted^ C^ H^i O^i +5PbO, and C24 Ilig O^g 
+3PbO.* 

Lichen starch. — Several species of fichens, particularly the 
Cetraria Ishindica (Iceland moss), contain a vftriety of starchy 
closely resembling common starch. It gives a white and opaque 
jelly. It is feebly coloured by iodine, the tint produced being 
between brown and green* This starch contidns, according to 
the analysis of Ouerin-»yary, C^q H ^^ O^o} but this result re* 
quires confirmation* 

SUGARS. 

Several substances are known as sugars which agree in having 
a sweet taste, but differ in other respects. Those which un- 
dergo a peculiar decomposition and are converted into carbonic 
acid and alcohol, when their solution is mixed with yeast, are 
fermentable sugars, and form the most important class ; they 
are Cane sugar. Grape and Starch sugar, which appear to be 
identical. Milk sugar. Mushroom sugar, and the insipid sugar 
of Thenard, of which the two first-mentioned varieties are the 
most abundant and best understood. 

CANE SUGAR, OR ORDINARY SUGAR, 

Its formula in the crystallised state is Cj, Hn O^ ; in com- 
bination with oxide of lead, Cj, Hg 09+2PbO (Peligot). 

Loaf sugar, sugar-candy, or the purest granular muscovado 
may be taken to represent this species. It exists in many 
plants, but is derived in large quantity only firom the juice of 
the sugar-cane, fi'om beet-root and the maple-tree. These 
juices are rapidly evaporated with a small addition of lime, to 
neutralise free acid, being sometimes clarified first by albumen, 
and afford on cooling a brown granular sugar, from which a 
dark coloured syrup, molasses, separates. The latter contains 
a portion of crystallizable sugar, which may be separated from 
it by evaporation, and leaves treacle, which differs in taste firom 
crystallizable sugar, and is certainly a distinct species of sugar, 
although highly impure. To refine sugar, it is dissolved in 

• Phil. Mag. 3rd Mries, toL 17, p. 12<». 
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water, and the solution generally filtered hot through a bed of 
animal charcoal in grains like gunpowder, and about two feet 
in thickness. The colourless syrup thus obtained is evaporated 
in vacuo, about 150^, in close pans heated by steam, from 
which the vapour is constantly withdrawn by an air-pump. 
When sufficiently concentrated, the syrup is run into a cooler, 
and agitated by an oar to promote its granulation. 

It is then, transferred into mouldts, which are inverted cones, 
having an aperture in the apex, and kept iu a warm place, while 
the dark coloured and uncrystallizable syrup drains off; a strong 
syrup of pure sugar being poured on the upper surface to per* 
colate downwards and remove the last portions of the former. 
Instead of the pure syrup, moist pipe-day was formerly placed 
on the surface of the sugar for the same purpose, and is still 
employed in clayed sugars. The loaf sugar from these moulds 
is a white compact mass, composed of small crystals. A strong 
solution of it, evaporated slowly, affords lai^e transparent and 
. colourless crystals of sugar-candy, of which the form is an 
oblique prism of a square base, or a six-sided prism with dihedral 
summits; The density of pure sugar is 1.5629 (Thomson). 

Loaf sugar diffuses a phosphorescent light when broken in the 
dark. It is unalterable in dry air, and loses nothing but a trace 
of hygroscopic water when heated. It fuses at 356^ (1 80^ cent.) 
and forms a thick tenacious liquid, which becomes a transparent 
vitreous mass on cooling (barley-sugar). The latter changes 
after a time, and rapidly when damp, into an opaque mass, 
which exhibits when broken, the crystalline facets of ordinary 
sugar. Sugar is soluble in one third of its weight of cold, aqd 
in all proportions of boiling water. Its power to crystallise 
is destroyed by keeping its solution for some time boiling, and 
also by die addition of .^th of its weight of oxalic, dtnc, or 
malic acid, which instantly render a visdd and boiling syrup, 
very fluid. Sugar dissolves in 80 parts of absolute alcohol at 
the boiling temperature, very slightly in the same cold, in 
4 parts of alcohol of density 0.830, and is wholly insoluble in 
ether, which precipitates sugar from its solutions. Sugar is 
nutritive when accompanied with other aliments, but is inca^ 
pable alone of supporting life for any length of time, in common 
with all organic principles destitute of nitrogen. A solution of 
sugar placed in contact with the stomach of the calf (rennet). 
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IS changed entirely into lactic acid^ according to tiie observations 
of Fremy. 

A solution of cane sugar is fermented by yeast, but not 90 
readily as grape sugar ; indeed the first action of the yeast is to 
convert cane sugar into grape sugar, which appears to be the 
only species of sugar that is directly fermentable (H. Rose) 3 
diluted sulphuric acid \ntli heat, and tartaric acid likewise effect 
the latter transformation of cane sugar. The first action of 
canstic potash in excess upon cane sugar^ at the boilinjg; tempe- 
rature, is similar. A strong syrup mixed with undiluted oil of* 
vitriol becomes hol^ swells up, much charcoal is formed, and 
snlphurous and formic acids disengaged. Sugar is also decom- 
• posed by hydrochloric add, with the aid of heat, and charcoal 
liberated. Nitric acid converts it into saccharic, oxalic and 
carbonic acids, 100 parts of sugar yielding 67 parts of oxalic 
add, according to Thenard. Dry chlorine has no action on dry 
sugar^ but syrup absorbs chlorine slowly, and the sugar is con- 
verted^ with disengagement of carbonic acid, into a brown matter^ 
which retains some hydrochloric acid. Sugar dissolves car- 
bonate of copper and verdigris, forming green solutions, which 
are not predpitated by alkalies ; the salts, both of copper and 
peroxide of iron^ cease to be predpitated by alkalies when sugar 
is added to them. Sugar also dissolves lime, barytes and oxide 
of lead in large quantities, and forms definite compounds with 
these bases, although in no respect an add. Sugar is generally 
viewed as containing two atoms of water of crystallization, which 
cannot be expelled by heat, without destroying the sugar, but 
one or both of which are separated in these compounds and 
replaced by a metallic oxide. 

Compound of stiff ar and lime^ Cj^ Hg Og-hCaO, HO (Peli- 
got). When a solution of sugar is digested by a moderate heat 
witii hydrate of lime, a bitter alkaline solution is obtained, in 
which 100 parts of sugar are united with 56 of lime. The com- 
pound is less soluble at a high temperature, and the solution, 
when boiled, becomes a thick gelatinous mass, from which the 
compound separates as a precipitate, and may be obtained pure 
by washing with boiling water, in which it is insoluble, or by 
precipitation with alcohol, which retains any excess of sugar. 
The solution of this compound absorbs carbonic acid rapidly 
from the air, and acute rhombohedral crystals of hydrated car- 
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bonate of lime form in it. The compound of 9ugar and barytes 
is similar, according to Peligot's analysis, as corrected by 
Liebig, or C^^ Hg Og+BaO, HO. The compound of sugar and 
oxide of kadf C^^ Hg Cg + PbO, is prepared by dissolving 
oxide of lead in a boiling solution of sugar; it falls as a white 
precipitate, which is had perfectly pure by washing it with 
boiling water, which does not dissolve it, and drjring; a so- 
luble compound of sugar and oxide of lead is retained in the 
liquor which gives the precipitate. A crystalline compound of 
sugar and chloride 0/ sodium is formed on allowing a solution of 

1 part of common salt and 4 parts of sugar to evaporate spon- 
taneously in air, the solution being decanted several times from 
the crystals of sugar-candy, which are first deposited. The • 
crystals of the compound in question have a taste at once sweet 
and saline, and run into a liquid in humid air ; their formula is 

2 C12 Hg Og+Na CI, 3H0:* It is probable from the composi- 
tion of this salt, that the usual equivalent of sugar should be 
multiplied by two, if not by a higher number. 

Caramel, C^^ Hg Og. At a temperature a little above its point 
effusion 356^(180^ cent.), sugar becomes brown, and at 410^ pr 
428^ (210^ or 220^ cent.) swells up and becomes a black porous 
shining mass, which is known as caramel, losing nothing but 
two atoms of water. It is obtained free from sugar, and 
the bitter products which accompany the caramel of the shops, 
by solution of the black mass in a small quantity of water, and 
precipitation of the caramel by alcohol, which retains the impu- 
rities in solution. Caramel is a black or very dark brown 
powder, neutral and insipid, soluble in water, to which it gives 
a fine colour of sepia, and not fermentable. It has the same 
composition as sugar in the compound of sugar and lead, 
C12 Hg Og (Peligot) ; it precipitates salts of barytes and basic salts 
of lead. Grape sugar furnishes the same product by heat. At a 
higher temperature, caramel loses more water, and forms an in- 
soluble matter ; when still more strongly heated it afibrds combus- 
tible gases, and leaves a bulky charcoal, difficult of incineration. 

Metacetone, Cg Hg O (Fremy), a combustible liquid, obtained 
mixed with acetone, by distilling a mixture of 1 part of sugar 

* Peligot ; Recberches sur la nature et les propri^t^s chimiques des sucres. 
An. de Ch. &c. t. 67^ p. 113; et sur la composition du saccharate de plomb. 76. 
t. 73, p. 103. 



SACCHARIC ACID, 751 

wifli 8 parts of well pulverised quick-lime. The metacetone is 
ins<dTible in water, by means of which it may be freed from 
acetone. It is a colourless liquid, of an agreeable odour, boiling 
about 183-2^ (84* cent), and miscible with alcohol and ether. 
It may be viewed as acetone, minus one atom of water, Cg HgO^ 
— HO=C8 ^5 O. One atom of anhydrous sugar contains 
the elements of: 



1 atom of acetone. 
1 atom of metacetone . 
3 atoms of carbonic acid. 
1 atom of water. 



Ca 
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Saccharic acid, C,^ H, On + 5HO=C,j H^o O,^ (Thaulow). 
This add was designated oaf alky dric acid by Guerin- Varry ; it is 
a product of the action of dilute nitric acid on either cane or 
grape sugar. It is procured by dissolving 1 part of sugar or of 
gum in 2 parts of nitric acid diluted with 10 of water, and heat- 
ing so long as chemical action is manifested. The acid liquid is 
then neutralised with carbonate of lime, and the neutral acetate 
of lead added to it. The saccharate of lead which falls is decom- 
posed by sulphuretted hydrogen, and the free add half neutra- 
lised by carbonate of potash, and crystallized as the acid sac- 
charate of potash. The last salt is decolorized by charcoal 
converted again into a salt of lead, and the acid liberated by 
sulphuretted hydrogen. Saccharic acid when concentrated is 
syrupy, colourless, sharply acid, and deposits colourless crystals, 
after long repose. It is soluble in alcohol in all proportions, and 
slightly in ether. It does not precipitate salts of barytes or lime 
but produces white flocculent precipitates in barytes-water 
and lime-water, which are soluble in an excess of acid. 

This add is remarkable for the variety of compounds it forms 
with bases. It is supposed to be pentabasic, and to form 5 
series of salts, according as 1 atom, 2, 3, 4, or the whole 
5 atoms of water are replaced by metallic oxides ; but it is pos- 
sibly only tribasic, although capable of forming a subsalt with 
oxide of lead. Of the following salts, the composition is known 
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Hydrated saccharic acid 
Acid saccharate of potash 

Saccharate of ammonia • 

First saccharate of lead 

Saccharate of zinc • 

Second saccharate of lead 
Third saccharate of lead 



. Ci^HgOn+^HO 

r HO 4.2PbO 
p „ ^ 2ZnO ^ 

r TTO +3PbO 
. CiaHjOii+SPbO 

It is remarkable that hydrated saccharic acid contains the 
elements of 2 atoms of mucic acid ; Ci2HiQOig=2 (CeHgOg) ; 
a substance produced by the same mode of oxidation of milk 
sugar,* 

GRAPE SUGAR. 

Syn. Starch sugar, diabetic sugar, the sugar of fruits^ glucose 
(Dumas). The formula of crystallised grape sugar is C12H14O14, 
but at 212^ it fuses and loses 2 atoms of water. This is the 
sweet principle of raisins, figs, and of most acid fruits ; it exists 
also in honey, and is the sugar of diabetic tuine. It is also a 
product of the decomposition or transformation of several other 
substances, as of cane sugar, starch, lignin and milk sugar, when 
treated with dilute acids. Grape sugar is not so soluble in cold 
water as cane sugar, and about 2\ times less sweet. 

It is obtained from the grape, by neutralising the expressed juice 
with chalk, clarifying with white of egg, evaporating and setting 
aside to crystallize. From the urine of diabetes, by evaporating 
the latter to dryness in a water-bath, washing the dark crystal- 
line mass on a filter with cold alcohol, and submitting the white 
residue, dissolved in water, to repeated crystallizations. But 
this sugar is most largely prepared from starch, and indeed, 
forms a considerable article of commerce. One part of potato 
starch is boiled with from l-lOOth to 1-lOth of its weight of 
sulphuric acid and four parts of water, for thirty-six or forty 
hours, the water being replaced as it evaporates. The solution 

* Thaulov, 8ur TAcide Saccharique, An; de Chimie, &c. Ixix, 52. 
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ceases to be gelatinous, and passes first into dextrin and then 
into sugar. Under some pressure, and at a higher temperature, 
the change is effected more quickly and by means of a less 
quantity of acid. A small quantity of oi^alic add ^^v may be 
substituted with advantf^e in this process instead of the 
sulphuric acid. The add is afterwards neutralised with chalk, 
the solution filtered from the insoluble salt of lime, and evapo- 
, rated to a syrup, which solidifies as a crystalline sugar. Starch 
is also converted iYito sugar by means of diastase. Eight 
parts of ground malt are infused at 158^ (70^ centigrade) in 400 
parts of water, and then mixed with 100 parts of starch, which 
soon dissolves, and by continued digestion at the same tempe- 
rature is entirely changed into sugar. By calculation, 100 parts 
of fecula, combining with the elements of four atoms of water, 
should produce 122.03 parts of crystallised grape sugar; De 
Saussure obtained 110 parts, and Brunner from 104 to 106 
parts. In the transformation of starch into sugar, a variable 
quality of mannite is always formed at the same time, according 
to the observations of Fremy. 

To prepare grape sugar fi*om lignin or woody fibre, 12 parts 
of wood shavings or shreds of paper are gradually mixed with 
5 parts of oil of vitriol diluted with 1 part of water, care being 
taken to avoid any rise of temperature ; after twenty-four hours^ 
digestion, the pitchy mass is dissolved in much water, and 
boiled for ten hours, and the acid afterwards separated as in the 
former process for sugar from starch. 

Grape sugar does not crystallize so distinctiy as cane sugar, 
but is obtained from its alcoholic solution in square tables or 
cubes, which are hard and transparent. It is soluble in 1 ^ parts 
of cold water, and in all proportions of hot water. It dissolves 
less rapidly than liane sugar, and gives a more fluid syrup. In 
alcohol, at a low temperature, it is very sparingly soluble, but 
at 77^ (25® cent.) it is soluble in 8 parts of dcohol of 85 per 
cent and in 20 parts of absolute alcohol. It fuses with loss^ of 
water at 2] 2^, and is converted into caramel when not heated 
above 284® (140® cent). 

The chemical action of acids and alkalies upon grape and cane 
sugars are essentially different. Grape sugar dissolves in con- 
centrated sulphuric acid, colouring it slightly yellow or brown, 
and forms a compound with it, the sulphosaccharic add, while 
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cane sugar is carbonised in the same circumstances. On the 
other hand^ alkalies which do not alter the colour of cane sugar, 
even at the boiling point, provided they are dilute, convert grape 
sugar, with heat, into a brown or brownish black substance. The 
compounds of grape sugar with barytes, lime and oxide of lead 
are formed with difficulty, while a crystalline compound with 
chloride of sodium is easily prepared. 

Compounds of grape sugar. — ^According to the recent analyses 
of Erdmann and Lehman, the compound of grape sugar and 
chloride of sodium contains 2 atoms of water, which it loses at 
212^. Its formula in the crystallized state is 2(C,2H|20i^ + 
NaCl,2HO. This compound loses 3 atoms of water at 320^ 
(160^ cent.), according to Peligot, but then its sugar is modified. 
The compound of grape sugar and odMe of leady precipitated 
on mixing the sugar with acetate of lead containing ammonia 
(page 594), consists, according to the analysis of Peligot, as 
corrected by Liebig, of CijH^iOn-hSPbO, or in its formation 
3 atoms of water are replaced by 3 atoms of oxide of lead. The 
solutions of lime and barytes in grape sugar become brown, 
when heated. 

Sulphosaccharic acid was formed by Peligot, by fusing 1 part 
of crystallized starch sugar by the heat of a water-bath, and 
then mixing the masa in small portions with concentrated sul- 
phuric acid. The compound is then dissolved in water, and 
saturated with carbonate of barytes, which precipitates sulphuric 
acid, while the sulphosaccharate of barytes remains in solution. 
The acid liberated from combination is a sweet liquid, feebly 
acid, which forms soluble salts with almost all bases. The 
solution of sulphosaccharic acid is easily decomposed by evapo- 
ration, and resolved into sugar and sulphuric acid, which then 
precipitates barytes. Its composition has not been determined 
with certainty. 

Sacchulmme is a substance obtained in brown, brilliant, crys- 
talline plates, by boiling cane sugar for a very long time in very 
dilute sulphuric, hydrochloric or nitric acid ; it is insoluble in 
ammonia. Sacchulmic acidj of which the formula is CsoHjsOi^, 
according to Malaguti, is formed at the same time, and many 
may be separated by ammonia, in which it is soluble, from 
sacchulmine. 

GlutCic acid is formed when a saturated solution of lime or 
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barytes, in grape sugar, is left to itself for some weeks (Peligot). 
The probable formula of anhydrous glucie acid is C24HJ5OJ5, or 
it is formed from grape sugar by the loss of the elements of 
water. Melassic acid is produced by the simultaneous action 
of alkalies and heat upon grape sugar. With the concurrence 
of air and a high temperature, alkalies convert sugar into fortnic 
and sacchulmic acids. 

SUGAR OT MILK OR LACTINE. 

Its formula, in the crystallized state, is C^H2402^ or 
C^HigOig+SHO; by a heat of 248® (120<» cent.) it loses 2 
atoms, and by 302® (150® cent.) 5 atoms of water (Berzelins). 
Sugar of milk is obtained by evaporating the whey of milk to 
crystallization, and purifying the first product by animal charcoal 
and a second crystallization. It forms white quadrangular prisms, 
terminated by four-sided pyramids, which are semi-transparent, 
and have the density 1.54S. They are soluble in 5 or 6 parts 
of cold water, and in 2i parts of boiling water, without forming 
a syrup. The sweet taste of the crystals is very feeble when 
they are applied directly to the tongue, but that of their solu- 
tion is much more distinct. Sugar of milk is unalterable in 
air, loses nothing at 2 1 2®, and is insoluble in alcohol and ether. 
Its solution dissolves hydrate of lime, and is converted by 
dilute mineral acids into grape sugar, assuming then the 
elements of 2 atoms of water. When milk is exposed to a 
temperature of 95® to 104® ^35® to 40® cent.), it undergoes the 
vinous fermentation, and is found afterwards to contain alcohol, 
while its sugar disappears, but the latter is converted first into 
grape sugar, probably under the influence of the free acid which 
is formed and curdles the milk. Milk sugar forms two com- 
pounds with oxide of lead, of which the formulae are C34H19O19 
+ 5PbO, andCa^HigOjjj + lOPbO (Berzelius). 

Mucic acid, C12H3O144-2HO (Berzelius, Malaguti), is pro- 
duced by the action of 4 parts of nitric acid, of density 1.42, 
diluted with I part of water, aided by heat, on I part of sugar 
of milk ; a portion of the latter always passing at the same time 
into oxalic acid* It is also formed by the action of nitric acid 
on gum. Mucic acid is deposited on cooling, as a white crys- 
talline powder, of M^hich the taste is feebly acid, soluble in 
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.6 parts of boiling water, and insoluble in alcohol. It is a bibasic 
acid, of which the salts of an alkaline base are soluble in water, 
and those which contain an alkaline earth, or the oxide of a 

,nietal proper, are insoluble. Mucic ether fiC^Hfi -^0^2^3^149 
is solid and crystallizes in quadrilateral colourless prisms.. Modi- 
fied mucic acid is produced by boiling a concentrated solution of 
mucic acid, or evaporating it by heat. Its acid powers are 
more distinct than those of mucic acid, and it is also distin- 
guishable from the latter by the physical properties of its salts. 
The modified acid is either isomeric with mucic acid, or con- 
tains the elements of an atom of water in addition (Malaguti). 
Pyromucic acid^ C1QH3O5+HO, is produced in the dry distilla- 
tion of mucic acid, by the separation of 6 atoms of water, and 
2 atoms of carbonic acid ; 

Ci2H80i4 + 2HO=CioH305 and 6HO and 2CO2. 

It forms elongated, white and brilliant plates, which fiise at 
266® (130® cent.), and volatilise without residue at a tempe- 
rature a littie higher. It is soluble in 26 parts of cold and in 4 
parts of boiling water, dissolves easily in alcohol, and is not 
altered by nitric acid. It forms a class of monobasic salts, 
including pyromucic ether C4H5O4-C1QH3O5, which is solid. 
Pyromucic ether absorbs 4 atoms of chlorine gas and becomes 
liquid, without the liberation of any hydrochloric acid, forming 
a compound, which Malaguti names chloropyromucic ether^ 
Cj4HgCl40^ but of which the true constitution is uncertain. 

MUSHROOM SUGAR. 

This sugar, of which the formula is ^xT^^i^^id? according to 
an analysis by MM. Liebig and Pelouze, was obtained by M. 
Wiggers by treating the tincture of the ergot of rye by water. 
It crystallizes, and is soluble in water and alcohol, but not in 
ether. Mushroom sugar is also fermentable by yeast, and 
diffuses the odour of caramel when carbonised by a high tem- 
perature. This sugar does not throw down sub-oxide of copper 
from a boiling solution of the acetate, the only property by 
which this sugar is distinguished from the ordinary species. 
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INSIPID SUGAR. 

A species of sugar was obtained by Thenard^ from the uritie of 
diabetes insipidus, and subsequently by Bouchardat from the 
same source, which was insipid, or only faintly sweet. It was 
fermentable by yeast, and was converted by dilute sulphuric acid 
into the sugar of grapes.* 

LiaUORICE SUGAR. 

The inspissated juice of the root of the Glycyrrhiza glabra, 
contains a species of unfermentable sugar, which is obtained by 
clarifying the juice with albumen, and precipitating the sugar 
with sidphuric acid, washing the precipitate with water, dissolv- 
ing it in alcohol, which leaves undissolved some albumen, and 
then decomposing the sulphate of liquorice sugar by carbonate 
of potash. After evaporation, the sugar remains as a yellow 
translucent mass, cracked in all directions, and easily detached 
from the vessel in which it was evaporated* Liquorice sugar 
possesses the property of forming soluble or sparingly soluble 
compounds with both the mineral and vegetable acids. It also 
combines with bases. 

MANNA SUGAR, OR MANNITE. 

CgH^Og, according to the analyses of Oppermann and of 
Liebig. Manna is in oblong globules or masses, of a yellowish 
white colour, and is an exudation from various trees, principally 
the Fraxinus omus, a species of ash, and the Eucalyptus manni- 
fera of New South Wales. It exists also in the juices exuded by 
many cherry and plum trees, in various kinds of mushrooms, 
and in some roots, such as that of celery. It is composed 
chiefly of manna sugar, which may be prepared by dissolving the 
manna of the shops in boiling alcohol, and allowing the solution 
to cool, and is obtained perfectly pure by repeated crystalliza- 
tions. Mannite crystallizes in slender, colourless, four-sided 
prisms, of a silky lustre. It has a slightly sweet taste, and is 
very soluble in water ; its solution is not fermentable. Mannite 
is anhydrous, and may be fused by heat without loss of weight. 

« Thcnard, Traits de €hiiiiie, IV. 35 1 . 
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Its solution dissolves oxide of lead. Nitric acid converts man- 
nite into oxalic and saccharic acids^ and not into mucic acid. 

Mannite is also one of the products of the viscous fer- 
mentation of cane and grape sugar^ which will be afterwards 
described. 

GUM. 

Its formula is Ci^HiiOu ; it loses an atom of water at 266^ 
(130° cent.), but is then essentially altered. Oum is a principle 
of constant occurrence in the juices of plants, and exuding from 
the bark of trees, collects into drops, which are distinguishable 
from resin by being soluble in water and insoluble in alcohoL 
All the varieties of gum may be referred to two spedes, of which 
gum-arabic (the produce of the acacia vera), and gum-tragacanth 
are the types. The first i^ slowly soluble in cold water, the last 
does not dissolve in water, but swdls up into a mucilaginous 
mass, which, when boiled, gradually acquires the appearance of 
ordinary gum. The solution of gum, known as mucilage, is a 
thick, adhesive, insipid liquid, from which the gum is thrown 
down by alcohol. Gum is precipitated by sub-acetate of lead, 
as a white mass, insoluble in water. It is destroyed by the 
strong acids ; nitric acid converts it into mucic acid. 

LIGNIN. 

The formula of Ugnin, dried between 300° and 350° is Ci^HgO, 
(Prout). The basis of woody fibre is aptly so named. It 
constitutes about 95 per cent of baked wood, and is the most 
durable product of vegetation. Pure lignin is obtained by 
treating the sawings of wood, paper, or the fibre of lint and 
cotton, successively with ether, alcohol, water, a diluted acid, 
and a diluted caustic alkali, to dissolve all the matters soluble 
in these menstrua. Wood contains in its vessels the various 
constituents of the sap, of which the colouring principle attaches 
itself to the lignin on evaporation, by a chemical affinity, such 
as we avail ourselves of in dyeing vegetable fibre. It has been 
observed by Hartig that the pores of wood also contain a cer« 
tain quantity of starch, in spherical grains of a grey colour, 
of which from one-fourth to one-fifth of the weight of the wood 
may be obtained by mechanical means. The lignin of wood consists 
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according to M, Fbyen^ of two organic principles^ which he 
has succeeded in separating ; one is the primitive tissue, com- 
posing the vessels of the wood^ which is isomeric with starchy 
CiqHiqOid, and is named by him cellulose ; the other fills the 
cells, and constitutes the true ligneous matter. M. Payen 
obtained cellulose by the action on the sawings of beech-wood 
of several times its weight of the most concentrated nitric acid, 
which leaves that principle, while it dissolves the lignin. Cel- 
lulose is dissolved by concentrated sulphuric acid, without 
blackening, and is then converted into dextrin. The true lignin 
of lint, hemp, straw, and linen cloth, was found by Payen to be . 
C^jHg^Ogo- Oak-wood, by the analysis of Gay-Lussac and 
Thenard, is Cg^H^gO^j, Hemp, straw, etc. mixed cautiously 
with concentrated sulphuric acid, so as to prevent elevation of 
temperature, form, besides dextrine, a Ugmn-sulphuric acid, 
analogous to benzo-sulphuric add, which forms soluble salts 
with barytes and oxide of lead. The dextrin formed when 
lignin is dissolved in sulphuric acid, is converted by dilution 
and boiling, into starch sugar. Sawdust, gum and starch dis- 
solve in the most highly concentrated nitric acid (page 295), 
without decomposition of the acid, and if immediately diluted 
with water, give a white pulverulent neutral substance, insoluble 
in water, which contains the elements of nitric acid and is 
highly combustible (Robiquet). 

Lignin combines with several neutral salts, such as chloride, 
of mercury, sulphate of copper, and acetate of iron, with all of 
which, particularly the first, wood is impregnated, in order to 
preserve it from dry rot, a species of decay to which wood is 
subject. The wood loses all its cohesion, and becomes friable 
when affected by dry rot, and fungi generally appear upon it, 
but the first destructive change is probably of a chemical kind 
allied to the action of fermentation. Dr. Boucherie has found 
that wood may be completely charged with solutions of salts 
for its preservation, by aspiration firom the roots or base of the 
trunk of the tree, shortly after it is cut down, and has made many 
other new observations on the subject."^ 

Suberic acid^ HO+CgHgOg, is formed among other products 
by the action of moderately concentrated nitric acid, with heat, 

« 

* Annales dc Ckiui, etc. Uxiv. 113. 



760 ETHYL. 

upon barks^ but more particularly cork. It is produced, like- 
wise^ from stearic and oleic acids in the same manner. Suberic 
acid is deposited from a saturated hot solution in water^ as a 
white earthy powder, slightly sour, which is fusible and distils 
oyer like an oil, fixes on cooling, and is crystalline. It is solu- 
ble in alcohol and ether. 

SECTION II. 

PRODUCTS OF THE FERMENTATION OF SUGAR. 
ETHYL SBBIE8 OF COMPOUNDS. 

Ethyl, 04115= E, a hypothetical radical, existing in ether and 
its compounds ; ether being the oxide of ethyl, and alcohol the 
hydrated oxide of ethyl. Ethyl has not been isolated. 

HYDRATED OXIDE OF ETHYL, OR ALCOHOL. 

Its formula is C4H50 + HO=EO + HO. Alcohol can be 
obtained only in one way, namely by the fermentation of sugar, 
and perhaps immediately from grape or starch sugar only. 
This fermentation is determined by the addition of yeast to a 
solution of sugar kept between 70° and 80®, when a new dis- 
tribution of the elements of the latter takes place, so as to form 
alcohol and carbonic acid; one atom of starch sugar 0^2^12^12 
being converted into two atoms of alcohol 2 {04HgO + HO), 
and four atoms of carbonic acid 400^. 

Two atoms of alcohol . . . Cg H13 O4 
Four atoms of carbonic acid . C4 O3 



One atom of starch sugar . C^^ ^12 ^is 

The juices of all plants which naturally contain sugar, possess, 
likewise, a substance which by exposure to air, becomes a fer- 
ment and converts their sugar into alcohol and carbonic add. 
Hence all saccharine vegetable juices, such as that of the grape, 
of sugar-cane, and of beet-root, run quickly into fermentation 
after expression. 

Alcohol is obtained by distillation from all liquids which have 
undeigone the vinous fermentation, but diluted with a laige 



ALCOHOL. J 61 

quantity of water. The density of the distilled Kquid dimi- 
nishes with the proportion of alcohol, and tables have been 
coi^tnicted by which from its density the per-centage of alcohol 
in the liquid may be ascertained. Ordinary spirits have a 
specific gravity from 0.910 to 0.915, which corresponds with 
from 50 to 52 per cent, of alcohol. The same distilled afford a 
spirit of density from 0.890 to 0.880, at 60^^ known as spirits 
o/wine^ containing firom 62 to 67 per cent of alcohol ; which 
again may be brought, by a second distillation^ to from 0.843 
to 0.885, known as rectified epiritSy and these contain from 
82 to 85 per cent, of idoohol.* To obtain alcohol free from 
water, or absolute iiteohdlj rectified spirits may be poured into 
a retort over their weight of anhydrous lime, in fine powder, 
either firesh quick-lime finely pulverised, or better lime that has 
been slaked and afterwards heated recently to redness, allowed 
to digest together for twenty-four hours, and the spirit after- 
wards slowly distilled by the heat of a water-bath. It then has 
a specific gravity of 0.7947 at 59® (15® cent.), and from 0.792 to 
0.791 at 68® (20® cent.). The proof spirits of the excise, upon 
which the duty per gallon is levied in l^is country, is of density 
0.918633 ; and by the expression that a spirit is any number^ 
say ten, over proof is meant that 100 gallons of the spirit would 
stand the addition of ten gallons of water to reduce it to proof 
strength, or it would form 110 gallons of proof spirit ; while ten 
underproof, means that ten gallons of water must be taken from 
100 gallons of the spirit to raise it to proof, or that 100 gallons 
of it contain only 90 gallons of proof spirit. The proof 
spirit of the pharmacopeeia {spiritus tenuior) is directed to be of 
sp. gr. 0.930. When obtained from grain, alcohol always con- 
tains a small quantity of a particular oil, from which it is most 
easily purified on the small scale by distilling it from caustic 
potash, or filtering it, when in a large quantity, through a bed 
of recently prepared wood charcoal, roughly pounded. 

Alcohol has never been frozen. By evaporating the com- 
pound of solid carbonic acid and ether, in the vacuum of an air- 
pump. Dr. Mitchell has produced the greatest depression of 
temperature hitherto attained. Alcohol of specific gravity 0.798, 
was observed by him to become oily and adhesive at — 130® ; 

* Table of Uie Density of Alcohol, by M. LowiU, see Appendix. 
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by a greater cold it became still thicker, and at-* 146® flowed 
like melted wax. Alcohol of 0.820 froze easily ; ether under- 
went no change by the lowest of these temperatures.* ^ 

Alcohol boils at 1 73^ (barometer 29.5 inches), and at higher 
temperatures, in proportion as it is diluted with water. It is 
remarkable, however, that the boiling point of a mixture of aloo* 
hoi and water rises with the quantity of water to a certain point ; 
alcohol of 96 to 99 per cent boiling at a somewhat lower ^mpe- 
rature than absolute alcohol. In consequence of this, alcohol of 
density 0.800 is increased in strength by boiUng it : and hence 
also, in the preparation of absolute alcohol, the first portions 
contain always a little more water than those which follow. Aloo* 
hoi has an agreeable penetrating odour, and is the intoxicating 
principle of all spirituous liquors. The density of its vapour, 
according to Gay-Lussac, is 1613, referred to air as 1000; it 
contains eight volumes of carbon vapour, twelve volumes of 
hydrogen, and two volumes of oxygen condensed into four 
volumes, its combining measure, which gives the theoretical 
density 1601. Alcohol is highly combustible, and bums with 
a flame that is nearly colourless and free from smoke; the 
only products of its perfect combustion are water and carbonic 
acid. 

Alcohol has a great attraction for water, which when anhy- 
drous, alcohol attracts rapidly from the air. It also withdraws 
water from animal substances, and thus preserves them. When 
mixed with water, a very sensible evolution of heat occurs, and 
always a diminution of bulk and increase of density, when 
water and absolute alcohol are mixed in any proportions, 
although on adding water to alcohol, already considerably di- 
luted, an apparent expansion may be observed. The greatest 
contraction occurs on mixing 1 atom of alcohol with 6 atoms of 
water, when a definite hydrate is certainly formed ; 100 volumes 
of this mixture contain 53.939 volumes of alcohol, and 49.836 
volumes of water; consequently, 103.775 volumes are reduced 
to 100 ; its density is 0.927 at 590.t 

Alcohol dissolves most of the gases, and several of them in a 



* Liebig*8 Annaleo, vol. 37, p. 354 -y from SiUiman's American Journal of 
Science. 

t Rudberg, Annales de Chim. etc. ilWii, 33. 
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laiger proportion than water, such as oxygen, nitrous oxide, 
carbonic acid, and phosphuretted hydrogen. It dissolves the 
hydrates of potash and soda, ammonia, the alkaline sulphurets, 
likewise all the deliquescent inoiganic salts, except carbonate of 
potash, but none of the salts which are insoluble or sparingly 
soluble in water, nor efflorescent salts. It dissolves many 
vegetable principles, such as sugar, resins, essential oils, soap, 
castor oil, ethers, alkalies, most acids, &;c. It does not dissolve 
the fiits and fixed oils. Alcohol forms crystalline compounds 
with several of the salts it dissolves, particularly chloride of 
calcium, {CB,Cl-{-2C^Hfi^y nitrates of lime and magnesia, chlo- 
ride of zinc, and chloride of manganese. These compounds are 
named alcoatesy and correspond with hydrates, but are much 
less stable. Many solutions made by idcohol, or tincturesj are 
used in medicine. 

Absolute alcohol dissolves l-240th of phosphorus, and l-200th 
of sidphur. It is decomposed by potassium or sodium, with 
the evolution of hydrogen gas, and a crystallizable compound is 
formed of the remaining elements of the alcohol with the metal, 
or perhaps of ether with the oxide of the metal. This substance 
is decomposed by water. Oxygen acids decompose alcohol, as 
they do a hydrated metallic oxide, uniting directly with the 
ether it contains, and forming acid salts of that base ; while a 
hydracid acts upon the ether of the alcohol as it does upon a 
metallic oxide, forming water, and a haloid compound of the 
radical of the hydracid with ethyl. 

OXIDE OP ETHYL, OR ETHER. 

Formula : C4H50=EO ; distinguished also as nUphuric ether, 
from the mode of preparing it. This liquid is the product of 
a remarkable decomposition of alcohol by sulphuric, phosphoric 
and arsenic acids, and is also formed by the action upon alcohol 
of the fluoride of boron, the chloride of zinc, the chloride of tin, 
and some other chlorides. All these agents have a great affinity 
for water, and might be supposed to convert alcohol into ether 
by simply combining with the water which the former is sup- 
posed to contain, but the close examination which the process 
of etherification has received from chemists, proves that its 
rationale is by no means so simple. Reserving the theory of 
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ether till that of sulpho-vinic acid is considered^ I shall at present 
describe the process for ether. 

Ether is evolved when alcohol and oil of vitriol are heated 
together^ and may be obtained by mixing and distilling in a glass 
retort equal weights of these materials, due attention being paid 
to the condensation of the product, which is volatile, by keep- 
ing the receiver very cold. But as the power of the acid to 
decompose alcohol is not exhausted in this process, it is found 
advantageous to make additions of alcohol to the remaining 
acid, or to introduce the latter in a continued stream. The 
following is a continuous process for ether, first proposed by M. 
Mitscherlich, as it is given by M. Liebig. Alcohol is employed 
of density 0.822, or of 90 per cent, which may be obtained by 
digesting proof spirits upon an equal weight of well dried car- 
bonate of potash (free from caustic potash), when two liquids 
are formed, the upper alcohol of the strength mentioned, which 
may be drawn off for use, and the lower, a solution of carbonate 
of potash in water. Five parts, by weight, of this alcohol are 
mixed with nine parts of oil of vitrioK in a copper or cast iron 
vessel, surrounded by cold water, and the mixture afterwards 
introduced into a tubulated glass retort, which the mixture 
should fill one half, or even a little more. The distillation is 
best conducted by the heat of a sand-pot, in which the retort 
should not be deeply sunk, and commences at a gentle heat ; 
when the temperature increases too briskly, the fire should be 
withdrawn. A glass tube is fixed by a cork in the tubulure of 
the retort, of which the extremity within the retort is drawn out 
into a point, having an opening about one line in diameter, and 
dips one inch in the liquid. Without the retort, the same tube 
is bent at a right angle, and may extend horizontally for two or 
three feet ; it communicates with a reservoir of alcohol by means 
of a metallic tube and stop- cock, by which the flow of the alco- 
hol is regulated. The latter should be supplied so as to keep 
the liquid in the retort at its original ^level, at which a mark 
should be placed for that purpose. To condense the ether 
which distils over, the beak of the retort is connected with 
Liebig's tube condenser, charged with the coldest water. A 
leaden alembic is used when ether is prepared on a large 
scale. It is said that when operation is well directed, nothing 
is formed but ether and water ; the same sulphuric acid may 
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also be used indefinitely for the preparation of ether with- 
out sensibly diminishing, the ether and water into which the 
alcohol is resolved, coming off entirely, and leaving none of its 
elements with the add. 

To obtain the ether perfectly free from alcohol and other im- 
purities, the crude product may be mixed with some milk of 
lime and an equal volume of water, the lighter liquid drawn off, 
and allowed to digest for several days upon chloride of calcium, 
or quicklime ; and finally be rectified firom the same substances. 
The last product has a specific gravity between 0.720 and 0.7*25* 

Ether is a light, transparent, highly limpid, fragrant and vola-. 
tile liquid, having a sharp aromatic taste, and which when 
swallowed or inhaled in the form of vapour, acts as a powerful 
stimulant. Its density is 0.715 at 68^, and 0.724 at 5^^, by 
Gay-Lussac's observations. It boils between 96^ and 98° (26^5 
cent. Gay-Lussac) ; evaporates rapidly at ordinary temperatures, 
and produces great cold by its evaporation. It is very com- 
bustible, and a mixture of its vapour with air or oxygen is 
explosive in a high degree ; hence it must always be distilled 
with caution. Ether, unlike alcohol, bums with a white flame ; 
it is converted into water and carbonic acid. When a spiral 
coil of platinum wire, heated red-hot, is suspended in the vapour 
of ether, the latter bums without flame, and produces a very 
acrid vapour, which when condensed has been found to contain 
acetic, formic and aldehydic acids. When transmitted through 
a red hot tube, ether is decomposed into aldehyde, olefiant gas, 
and the gas of marshes. 

Ether mixes with alcohol in all proportions, but may be sepa- 
rated completely from the latter by agitation with twice its bulk 
of water, which takes up the alcohol while the ether floats on its 
surface. One part of ether dissolves in 10 parts of water, while 
36 parts of ether dissolve 1 of water. Its solvent powers are 
much less extensive than those of alcohol. Ether dissolves 
l-80th of sulphur, and l-37th of phosphorus, and also iodine and 
bromine in large quantity, but is soon decomposed by them. It 
dissolved^ also a considerable number of chlorides, such as that 
of mercury, of zinc, and gold. Ether dissolves also several 
organic acids, such as the acetic, gallic, benzoic, oleic and 
stearic acids, also the essential oils, fats, wax, and certain resins. 
Certain vegetable bases are also soluble in ether, while others 
are not. 
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The vapour of ether is very heavy, its density being 2586 
(Gay-Lussac) ; it contains 8 volumes of carbon vapour, lO 
volumes of hydrogen, and 1 volume of oxygen, condensed into 
2 volumes, which form its combining measure, and give as its 
theoretical density 2583. 

Ether left a long time in contact with water, combines with 
it and forms alcohol. It combines with acids, and forms both 
neutral and acid salts ; the first class of salts are the compound 
ethers, and the last bear the name of vinic acids. 



CHLORIDE OF ETHYL, OR HYDROCLORfC ETHER. 

Its formula is C4H5C1=ECL To prepare this ether, alcohol 
is saturated with hydrochloric acid gas, and the solution distilled 
by a water-bath heat; the product is conducted into a bottle 
containing some water and surrounded by water at the tempe- 
rature of 70^ or 80^5 and thence into another receiver surrounded 
by ice. To free it from water and alcohol, the product is di- 
gested with chloride of calcium in a bottle surrounded by ice. 
The liquid is decanted, after twenty-four hours, into phials, 
with well ground stoppers, which are kept inverted* 

Hydrochloric ether is a highly volatile liquid, boiling at &29, 
of a penetrating aromatic and slightly alliaceous odour. Its 
density is 0.874 at 41^, it is neutral to test paper, dissolves in 
twenty- four parts of water, and gives a solution that is not pre- 
cipitated by nitrate of silver. When treated with chlorine, it 
gives hydrochloric add, and a series of compounds to which 
reference has already been made (page 718). 

Bromide of ethyl,- C4H5Br=EBr, was (Uscovered by Serullas, 
and is formed by distilling a mixture of 1 part of bromine, 4 of 
alcohol, and l-8th of phosphorus. It is a colourless and very 
volatile liquid, denser than water. 

Iodide of ethyl, C4H5l=EI, may be obtained by distilling 
alcohol, saturated with hydriodic acid gas. It is a colourless 
liquid, of density 1.9206, which boils at 161*^. (71°. 5 cent.) 

Stdphuret of ethyl, C4H5S=ES, is formed by transmitting 
the vapour of hydrochloric el^er through the proto-sulphuret of 
potassium ; chloride of potassium precipitates, the sulphuret of 
ethyl is dissolved by the liquid, or distils over if the latter is 
kept warm. It is a colourless liqidd, of a disagreeable allia- 
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ceoQs odour, boiling at 163^.4 (73® cent), and of which the 
density is 0.825 at 68^* 

HYDROSULPHURET OF THE SULPHURET OP ETHYU OR MERCAPTAN. 

Its formula is C4H5S + HS=ES + HS; or it is alcohol of 
'vrliich the oxygen is replaced by sulphur. This curious com- 
pound, of which we owe the discovery to Zeise, may be pre- 
pared Uke the preceding compound, by transmitting the vapour 
of hydrochloric ether through a strong solution of potash, pre- 
viously saturated with sulphuretted hydrogen gas, or hydro- 
snlphuret ofsulphuret of potassium, K8 + HS; but a preferable 
process is to distil a strong solution of the sulphate of oxide of 
ethyl and lime, of density 1.28, mixed with a solution of potash 
of the same density, previously saturated with sulphuretted 
hydrogen gas. 

KS, SH and (EO+CaO + 2S03)=ES + HS andKO+SO, and 

CaO + SO3. 

The product must be received in a cool receiver. It contains 
an excess of sulphuretted hydrogen, alcohol, and water, from 
'which it may be purified by submitting it to a second distilla^ 
tion from a small quantity of led oxide of mercury, and digesting 
it afterwards with chloride of calcium. 

Mercaptan is a colourless liquid, highly fluid Uke ether, 
having a most penetrating and insupportable garlic odour ; its 
boiling point is about 100^, according to my own observation, 
and 1^ density is said to be 0.835 at 70^, and 0.842 at 59<^. 
It is miscible with alcohol and ether, but not with water, in 
-which it is very slightly soluble. The sulphuretted hydrogen of 
mercaptan acts powerfully on metallic oxides, water being 
formed, and a sulphuret of the metal, which last remains in 
combination with the sulphuret of etliyl, thus forming a class 
of sulphur salts. The oxide of mercury is instantly converted 
by mercaptan into a compound of this class, C4H5S + HgS,t the 
fnercaptide of mercury, which is a white crystalline mass, soft 
to the touch, without odour, insoluble in water, and fusible like 
wax by 186® (85® cent.). This mercaptide, when distilled, 
leaves cinnabar, and affords a volatile liquid, which has not been 

• jUgnault, An. de Cb. etc. Izxi, 387. 

t Hence the name mercflptan, from fMrcurium capians. 
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examined. The oxide of gold is also strongly acted on by mer- 
captan^ but other metallic oxides are less affected in proportion 
as they approach to alkaline bases. Thus the hydrates of potash 
and soda have no sensible action on mercaptan. 

By contact with nitric acid, mercaptan is converted, by a 
gentle heat^ into a new acid, which contains sulphuret of ethyl 
and the elements of sulphuric acid^ C4H5S2O2. (Loewig, 
Kopp). 

Bisulphuret of ethyl, C4H5S2=ES2, is a transparent oily 
liquid, boiling at 128.8^ (51° cent.), obtained by distilling a mix- 
ture of the double sulphate of ethyl and potash and the persul- 
phuret of potassium. It is decomposed by caustic potash and 
by nitric acid (Zeise, Pyrame Morin). 

Seleniuret of eihyly is obtained, according to Loewig, in the 
same way as the sulphuret, substituting in the process seleniaret 
of potassium for the sulphuret of potassium. 

Telluret of ethyl^ obtained also by a similar process, using the 
telluret of potassium ; a very volatile liquid^ of a deep orange 
colour (Woehler). 

Cyanide of ethyl, hydrocyanic ether, C4H5 + NC2=ECy, ob- 
tained by Pelouze by exposing a dry mixture of sulphate of 
ethyl and potash to a gentle heat, which is gradually increased. 
It is a colourless liquid, with an insupportable odour of garlic, 
boiling at 1 79.6° (82° cent.), and of which the density is 0.7- 
Sulphocyanide of ethyl has also been formed by distilling a mix- 
ture of sulphocyanide of potassium, alcohol and sulphuric add. 
It is an oily, very dense liquid. 

SALTS OF OXIDE OF ETHYL, OR SALTS OF ETHER. 

Ether does not combine directly with acids, but these salts are 
obtained by the action of acids upon alcohol (hydrate of ether). 
The neutral salts of ether are distinguished from inorganic, salts 
by the circumstance that neither the acid nor oxide of ethyl can 
be replaced by double decomposition^ at the ordinary tempera- 
ture, by another acid or base, when the salt ofit is mixed with 
another salt ; the alcoholic solution of the oxalate of ether, for 
instance, not being precipitated by an alcoholic solution of chlo- 
ride of calcium. These salts are decomposed by the alkaline 
hydrates, particularly when assisted by heat, their base attach- 
ing itself to the water of the alkaline hydrate, and coming off as 
alcohol, while their acid unites with the alkali. Several of these 
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neutral salts are only partially decomposed by alkalies and me- 
tallic oxides, a neutral double salt . being formed, in which the 
acid is united with equal proportions of oxide of ethyl and me- 
tallic oxide. The latter can again be removed by a stronger 
add for which it has an affinity, and then an acid double salt is 
formed, in which the ethyl is combined with a salt of water. 
The metallic oxide of the neutral double salts can also be 
replaced by another metallic oxide, but the acid of the double 
salt is not affected by its usual precipitants, the sulphate of 
ethyl and potash, for instance, not being precipitated by chlo- 
ride of barium. 

The acid salts of oxide of ethyl are not crystallizable, a con- 
eentrated solution has a certain degree of stability, and may be 
heated to 212^, but a dilute solution decomposes spontaneously 
at tibe temperature of the air, and more rapidly when heated, 
with the formation of alcohol and a hydrate of the acid. Some 
of them, of which the hydrate is but sUghtly volatile, such as 
the add sulphate of ether, are decomposed at a higher tempe- 
rature into ether which escapes and add which remains in the 
state of hydrate. 

The neutod salts of ethyl are generally derived from the add 
sulphate of ethyl. When to a highly concentrated solution of 
the latter, solutions of other acids are added, it usually happens 
Uiat the latter assume the oxide of ethyl to form neutral salts, 
and leave behind the hydrate of sulphuric acid; the mucate, 
oleate and stearate of ethyl are formed in this way. Or when 
to a similar solution of the acid sulphate of ethyl salts are added, 
of. which the adds are volatile and form volatile compounds 
wifli oxide of ethyl, the sulphuric acid unites with the base of 
the other salt, while the volatile acid combines with oxide of 
ethyl, and distils over with the latter, 

ACID SULPHATE OF OXIDE OF ETHYL, OR SULPHATE OF OXIDE 

OF ETHYL AND WATER. 

Syn. Ethero9ulphur%c add, sulphethyUc acid (Mitscherlich), 
sulphovinic acid ; E0,S03 -F H0,S03. 

The neutral sulphate of ethyl has not yet been formed. 

The acid sulphate of ethyl may be formed directly by trans- 
mitting the vapour of ether through the hydrate of sulphuric 
add so long as it is dissolved. On afterwards diluting that 

2 B E 
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liquid with water^ part of the ether separates in a free state, and 
part remains in combination with the acid. 

The same compound, however, is obtained from the action of 
sulphuric acid on alcohol, a chemical action which cannot yet be 
said to be fully explained, although it has been the subject of 
much research. There are two steps in this action : 1. the pro- 
duction of sulphovinic acid, and 2. the Uberation of ether. 

1. Formation of sulphovinic acid. — Equal weights of strong 
alcohol and oil of vitriol heated together to the boiling point 
of the mixture, and saturated at that temperature with milk of 
lime, give the su]phovinate of lime, or sulphate of ethyl and 
lime, which is soluble and may be separated by filtration 
from a considerable quantity of insoluble sulphate of lime, 
which is always fbrmed at the same time. It is observed 
that the cooling and the dilution of the mixture of alcohol and 
sulphuriQ acid, before saturation, diminishes the proportion of 
sulphovinic acid, or of sulphovinate of lime formed, by causing a 
reproduction of alcohol. £ven when the sulphuric add is in 
great excess, a considerable proportion of alcohol, often nearly 
the half of it, escapes decomposition, or is not found in the sul- 
phovinic acid when neutralised. That the whole alcohol, how- 
ever,* is at first converted into sulphovinic acid appears firom the 
circumstance that the mixture is not decomposed by a current 
of dry chlorine, no hydrochloric being formed, a property of 
sulphovinates, which undeigo no modification by the action of 
chlorine, while free alcohol is immediatdydecomposed into hydro- 
chloric acid and other chloruretted products. A mixture of 100 
parts of oil of vitriol, 48 parts of alcohol, and 1 8.5 parts of water, 
which contains the elements of 2 atoms of sulphuric add, 1 
atom of etiier, and 6 atoms of water, boils at 284^ (140^ cent.), 
and is not affected by chlorine ; it may be represented as 
(EO,S03+HO,S03) + 5HO. 

The protohydrate of sulphuric acid, diluted with 55 per cent, 
of water, or HO,S03 + 3HO, does not decompose alcohol at the 
ordinary temperature, but the reaction occurs when the mixture 
is boiled. 

It is observed by Mitscherlich that in the formation of sul- 
phovinic acid, there is only a feeble disengagement of heat. If 
to two parts of alcohol, one part of sulphuric acid and then one 
part of water be added, the temperature of the mixture rises to 
518^ (70° cent.) ; about half of the alcohol being converted into 
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solphoTinic add. While if to one part of sulphuric add, one 
part of water be first added, and tiien two parts of alcohol, the 
temperature rises to 154.4° (86° cent.), or nearly as high, 
although in the last case no sulphovinic acid is formed. Con- 
sequently the heat evolved when sulphuric acid unites with 
oxide of ethyl is scarcely superior to that liberated when the 
protohydrate of sulphuric acid unites with more water.* 

2. Formation of ether. — A mixture of 9 parts of hydrated sul- 
phuric acid and 5 parts of alcohol of 85 per cent which is heated 
to the boiling point for ether, contains the elements exactly of 
1 atom of the acid sulphate of ether, and 3 atoms of water, or 
(EO,S03 + HO,S03)+SHO. When this mixture is heated 
above 284°, the add sulphate of oxide of ethyl is decomposed 
into ether and water, which distil over very nearly if not exactly 
in the proportions in which they exist in alcohol. The escape 
of ether from this mixture is not promoted by the addition of 
strong sulphuric add to it, but, on the contrary, retarded, and 
then requires a higher temperature. On the other hand, more 
alcohol added to the mixture distils off undecomposed in the 
anhydrous state. The water present in the ether mixture is ne- 
cessary, and must act as a stronger base, displadng the oxide of 
ethyl in combination with the acid, and liberating it ^ ether 
(page 188). Water may even displace so strong a base as am- 
monia, when assisted by the volatility of the latter ; a solution 
of the neutral sulphate of ammonia becoming add when boiled 
for some time, from the escape of ammonia (Rose). The addi- 
tion, however, of more water to the ether mixture above, so as 
to lower its boiling point below 258.8° (126° cent.), occasions 
the destruction of the sulphovinic add, and then nothing but 
alcohol distils over. 

It was observed by Rose that ether begins to be ^owly evolved 
from the edier mixture, at a temperature scarcely amounting to 
212°; the ether is nearly pure, the water of the alcohol being 
retained at that temperature by the sulphuric add.it Liebig 
finds that on directing a current of dry air through the ether 
mixture heated to 284°, the point of ebullition falls to 273.2° 
(134^ cent. J, and on examining what was carried away by the 

* L*Inttitatt No. 390, page 206 ; 17 Jain, 1841 : wbere etherification and other 
theoretical qucatiooa are disenaaed by M. Mitscherlich. 

X H. Rote on Etherification, Taylor'a Scientific Memoira, toI. ii. 
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air, it was found to be nothing but alcohol.^ The evolution of 
ether does not indeed proceed well, unless with a regular ebul* 
Ution of the liquid. 

When the ether mixture contains a great excess of sulphuric 
acid, the decomposition of the sulphate of oxide of ethyl does 
not take place till the temperature rises to 320° (160° cent.), 
and then a yariety of products are evolved, which Liebig refers 
to the re-action of the elements of sulphuric acid themselves 
upon oxide of ethyl. He supposes the elements of 1 atom of 
the acid sulphate of oxide of ethyl to divide themselves in the 
following manner : 

2 eq. of sxdphurous acid . . . . S^ O4 
i eq. of olefiant gas ..... ^2^2 

3 eq. of water H3O3 

2 eq. of carbon, as residue . . • C2 

S2C4H5O7 

This appears to represent pretty well the decomposition by 
which olefiant gas is usually obtained (page 426) ; but that gas 
may be obtained, according to Mitscherlich, accompanied by 
nothing but water, when sulphuric acid is diluted with water so 
as to boil at 320°, and the vapour of alcohol containing 20 per 
cent of water (density 0.844) is sent through it. After a part 
of the water is expelled by the heat, bubbles of olefiant gas 
appear in all parts of the liquid. The gas is accompanied by 
very little ether, and by almost no acid body ; and the liquid, 
even after it has produced a cubic foot of olefiant gas remains 
colourless, without any deposit of carbon. The other substances 
obtained in the ordinary preparation of olefiant gas, Mitscher- 
lich considers as secondary products, which only begin to be 
formed when jvith alcohol of 80 per cent a temperature is em- 
ployed of 338° (170° cent.). 

In the ordinary decomposition of alcohol for olefiant gas, 
there is also formed a small quantity of the double sulphate of 
oxide of ethyl and etherole (oil of wine). The carbonaceous 
residue has idso been shown not to be pure carbon, but a com- 
pound substance, and named Thiomelanic acid by Erdman. Its 
composition in its potash salt is 0301124830^ + 2KO. 

The solution of the acid sulphate of oxide of ethyl is a liquid 
of a very sour taste ; when diluted it cannot be concentrated by 

* Traits de Chimie Organique, tome i, page 334. 
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eTaporadon at any temperature without decomposition. It is 
obtained in a state of perfect purity by heating slightly the sul- 
phate of ethyl and etberole in contact with 4 parts of water ; 
the etherole (light oil of wine) separates and comes to the sur- 
face, while the add sulphate of ethyl dissolves in the water. It 
forms a great number of double salts with bases, which to 2 
atoms of sulphuric add contain 1 atom of oxide of ethyl, and 
1 atom of the base added. They are soluble in water, and in 
alcohol i^hich is not anhydrous ; their sulphuric acid cannot be 
detected by the usual re-agents, but on boiling their solution 
with a few drops of hydrochloric add, alcohol is disengaged, and 
thereafter the presence of sulphuric acid can easily be detected 
in the residue. They are not decomposed by a current of 
gaseous chlorine ; the potash and soda salts are not decom- 
posed when boiled with an excess of these alkalies; the 
barytic salt distilled with sulphuric acid containing 4 atoms of 
water gives a mixture of ether and alcohol ; concentrated solu- 
tions of all of them are gradually decomposed by ebullition. 
When a sulphovinate is submitted to dry distillation with hy- 
drate of lime or barytes, it is converted into a neutral sulphate 
and alcohol. 

The sulphovinate of potash is the only anhydrous salt, aU the 
others contain water of crystallization, which they generally lose 
when dried in vacuo at the ordinary temperature. The salts of 
potash^ soda, and ammonia are prepared by precipitating the 
double sulphate of ethyl and lime or the salt of barytes, 
by the alkaline carbonates; the double sulphate of ethyl 
and magnesia or manganese, by decomposing the double 
sulphate of ethyl and barytes, by means of soluble sul- 
phates. 

These salts have all more the character of a bibasic salt, than 
of a double sulphate or compound of two monobasic sulphates, 
and may therefore be represented as containing a sulphuric acid 
of double atom S^Og, which is bibasic, and is united at 
once with oxide of ethyl and another base, of which the last 
only can be displaced by other bases. They resemble the bibasic 
fulminate of silver, in which one atom only of base can be dis- 
placed by another base. 

Sulphate of oadde of ethyl and potash, KO,EO + S206, crys- 
tallizes in colourless plates like chlorate of potash, which have a 
saline and sweetish taste ; is persisten,t in air, soluble in an equal 
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weight of water, also in dilate alcohol, but insoluble in anhy- 
drous alcohol and ether ; aboye 212^ it undergoes decomposition 
without entering into fusion. 

Sulphate of oxide of ethyl, and barytes, BaO^EO+S^O^ 
+2HO, crystallizes in plates or rhomboidal prisms, persistent 
in air, and having a very acid taste. 

Sulphate of oxide of ethyl, and lime, CaO,EO + S305-f-2HO. 
Five parts of this salt dissolve in 4 parts of water at 62.6 (17^ 
cent.) ; it is also soluble in alcohol with the aid of heat.. 

StUphate of oxide of ethyl, and oxide of lead, PbO,EO + S^O^ 
+ 2HO, crystallizes in large transparent tables, very soluble both 
in water and alcohol^ and having an acid re- action. It slowly 
undergoes spontaneous decomposition, and becomes viscid from 
the formation of oil of wine. It dissolves an additional atom of 
oxide of lead, and becomes a basic salt, which becomes a white 
mass, and is very soluble. 

Acid phosphate of oxide of ethyl, phosphovinie acid, 2HO,EO 
4-PO5, is formed on mixing alcohol with a concentrated solu- 
tion of phosphoric acid, with the evolution of much heat; if the 
phosphoric acid is diluted so that its density does not exceed 
1.2, it is not in a state to decompose alcohol. Phosphovinie 
add is a colourless, syrupy liquid, of an acrid and very acid 
taste, more stable than sulphovinic acid, as it may be boiled 
without decomposition, even when diluted. At a higher tempe* 
rature it is decomposed, giving first ether and alcohol, then 
inflammable gases and a carbonaceous residue. When phos- 
phovinie acid is treated with metallic oxides, the two atoms of 
basic water which it contains are separated and replaced by fixed 
base, while the oxide of ethyl remains, a tribasic class of salts 
being formed like the ordinary phosphates. The formula of the 
phosphate of ethyl and barytes is 2BaO,EO + PO5 + 12HO. The 
compounds of pyrophosphoric acid and metaphosphoric add 
with oxide of ethyl have not yet been obtained (Pelouze). 

Arseniate of oxide of ethyl,* arseniovinic acid, HO,2EO 
+As O5, contains 2 atoms of oxide of ethyl and 1 atom of 
basic water, which last may be replaced by fixed bases (D^Arcet). 

Nitrite of oxide of ethyl, nitrous ether, C^HgO+NOsSs 
E0,N03. Nitric acid decomposes alcohol without combining 
with it. This ether may be obtained, however, by distilling 8 parts 
of strong alcohol with 2 parts of nitric add of density 1 .3, apply- 
ing occasionally a very gentle heat, and condensing in a receiver 
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sarrounded by ice. But as prepared with nitric acid, by this 
and other processes, nitrous ether always contains aldehyde, a 
product of the oxidation of alcohol. M. Liebig recommends as 
the best process for nitrous ether, to transmit a current of ni« 
trous acid vapour, obtained by heating on a water-bath a spa- 
cious retort, containing 1 part of starch and 10 parts of nitric 
acid of 1.3, through a mixture of 2 parts of alcohol of 85 per 
cent and 1 part of Water, contained in a bottle of two tubulures, 
and surrounded by cold water. The nitrous acid is immediately 
absorbed by the alcohol, and combines with ether. The pro- 
duct, at the same time, distils over, and may be conducted from 
the vessel in which the reaction takes place, by means of a glass 
tube, to a tube condenser. 

Nitrous ether, in a state of purity. Is a volatile liquid, of a 
pale yellow colour, possessing the agreeable odour of the Nor- 
mandy rennet. Its density at 59^ (15° cent.) is 0.947 ; it boils 
at 61.5° (16.4° cent.). It is converted by the tincture of hydrate 
of potash into nitrate of potash and alcohol. 

Carbonate of oxide of ethyl^ carbonic ether, E0,C02; ob- 
tained by M. Ettling, by the action of potassium or^Bodium on 
oxalic ether; a colourless aromatic liquid, of density 0.965 at 
66.2^ (19° cent.), boiUng at 258.8° (126° cent.)- 

Carbonaie of oxide of ethyl and potash, KO,EO + C^O^; is pre- 
pared by dissolving in alcohol hydrate of potash, fused and still 
red hot, and saturating the solution with dry carbonic acid gas. 
When purified, it crystallizes in silky laminee, soft to the touch 
(Dumas and Peligot). 

Oxalate of ether, oxalic ether, £0,0^05. The following pro- 
cess is given by M. Liebig, from Ettling, for the preparation of 
this which is one of the most interesting of the etiiers. A mix- 
ture is distilled rapidly of 4 parts of binoxalate or quadroxalate 
of potash, 5 parts of oil of vitriol, and 4 parts of alcohol of 90 
percent (0.818). As soon as the liquid which passes is troubled 
by an addition of water, it contains oxalic ether, and is collected 
in a receiver which is not cooled. The product is afterwards 
mixed with 4 times its volume of water ; the ether then sepa- 
rates, and it is agitated immediately with pure water, which is 
renewed frequently, till an acid re-action ceases to be mani- 
fested. 

The washed ether is rectified in a small dry retort, which is 
filled to 9-lOths ; as soon as the product which passes is colour- 
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less and transparent, and the liquid boils tranquilly in the retort 
without bumping, it is necessary to change the receiver, for from 
that period the oxalic ether distils over, pure and anhydrous. 
The residue in the retort contains some traces of oxalic acid. 
(Trait^ p. 350), 

Oxalic ether is a colourless liquid, of an aromatic odour ; its 
density 1.0929, and boiling point 363.2*^ (180° cent.). When 
pure it may be kept in contact with water for several days with- 
out decomposition, but if it contains the smallest trace of add 
or alcohol, it is decomposed rapidly into oxalic add and alcohol. 
The fixed alkalies act upon it in the same manner as water. 

By ammonia or solution of ammonia in excess, oxalic ether is 
instantly decomposed, a beautiful white precipitate of oxamide 
(page 407) appearing and alcohol is reproduced : 

NH3 and EOfifi^=NU^C^O^ (oxamide) and EO,HO 

(alcohol). 

Osalate of ether and oxamide, or axamethane ; £0,0305 + 
NH2,Ca04 ; or CgHyNOg, is a substance in beautiful white crys- 
talline leaflets, formed by adding alcohol saturated with ammo- 
niacal gas to a solution of oxalic ether in alcohol. It is fusible 
about 21 2^ distils at 428° (220° cent.) without alteration. Four 
atoms of the hydrogen of this compound can be replaced by 

H - 

chlorine, and chloroxamethane formed, Cg nf NO5, which 

strikingly resembles oxamethane in its physical properties, 
and is even believed to be isomorphous with it. 

Oxalate of oxide of ethyl and potash, oxalovinate of pottah, 
KO,EO +C4O10. This salt is prepared by adding to a solution 
of 1 volume of oxalic ether in 2 volumes of alcohol, somewhat 
less than half the potash dissolved in alcohol, which would be 
required to form a neutral salt with the oxalic acid of the 
ether ; the salt precipitates, being insoluble in the alcohol. It is 
anhydrous. 

Acid oxalate of oxide of ethyl and potash, oxalovbUc acid, 
HO,EO + 040,0, is obtained by treating an alcoholic solution of 
the preceding salt with hydrofluosilicic acid, or by decomposing 
with caution an aqueous solution of the oxalate of ethyl and 
barytes by dilute sxdphuric acid. It is a very acid liquid, which 
is decomposed by evaporation. 

Sulphocarbonate of oxide of ethyl andpotash, xanthate of potash 
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o/Zeisei KO^EO+C284. This salt contains 2 atoms of bistd- 
phnret of carbon^ united with 1 of potash and 1 of oxide of 
ethyL It is formed on pouring the bisnlphuret of carbon into 
absolute alcohol saturated cold with hydpite of potash^ and 
keeping the mixture at a gentle heat; the liquor becomes a 
crystalline mass of the salt at 32^. The salt crystallizes in 
colourless or yellowish crystals. 

Sulphocarbonate of owide of ethyl and water or xanthie acid, 
HO,£0+C2S4, is obtained as an oily liquid, insoluble in water^ 
when the preceding potash salt is decomposed by dilute sul- 
phuric or hydrochloric add. 

Bicyannurate of oxide of ethyl, cyanic ether y 3EO+2Cy303 
+ 6HO. This compound was obtiuned by Liebig and Woehler 
by directing the vapours of hydrated cyanic acid into a mixture 
of alcohol and ether, as long as they were absorbed. The com- 
pound crystallizes after twenty-four hours' repose, and is puri- 
fied from cyamelide, with which it is accompanied, by solution 
in boiling alcohol or water and a second crystallization. Its 
solution is neutral to test paper, and it does not form compoimds 
with metallic oxides. 

Benzoate of oxide ethyl^ benzoic ether, €41150+01411503= 
EO,RzO. This is a liquid ether, of density 1.0539 at 50" (10<^ 
cent.), boiling at 408.2® (210^ cent.), prepared by distilling a 
mixture of 4 parts of alcohol of 83 per cent. (0.840) with 2 
parts of crystallized benzoic acid, and 1 part of concentrated hy- 
drochloric add. 

Htppurate of oxide of ethyl, hqfptoHc ether,Cfifi +CiqHq^ 
Og. This compound was first prepared by Dr. Stenhouse. It 
is obtained in fine crystalline needles, perfectly white, and of a, 
silky lustre. The crystals are not volatile, their density is 
1.043 at 73.40 (230 cent.) ; they fuse at 109.4^ (43« cent.) 

CMoroxi-carbonic ether, C4H50+C203C1. This name has 
been given by M. Dumas to an ethereal liquid, which is formed 
when absolute alcohol is brought into contact with chloro- 
carbonic add gas (page 378). Its density is 1.33 at 59® ; it boils 
at 201 .20 (940cent.). 

Urethane, C5H7O4N. This substance is formed, with sal am- 
moniac, on dissolving the preceding compound in solution of 
ammonia. Purified by distillation, it is a pearly-white, crys- 
talline substance, resembling spermaceti; it fuses at 212^, and 
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distils wilihoat change at S56o (180^ cent). Urethane may be 
considered as a ohloroxicarbonic ether, in which the chlorine is 
replaced by amidogen, C4H5O +C2O3 (NH^). It may also be 
looked upon as the product of the combination of 2 atoms of 
carbonic ether with 1 atom of urea, 2C5H503+C203,NgH4^ 
the consideration which induced M. Dumas to give it the name 
of urethane. 

Some other compound ethers or neutral salts of oxide of ethyl 
will be described under their respective acids. 

TRANSFORMATIONS OF THE BODIES CONTAINING ETHYL. 

The compound of alcohol and chloride of zinc was found by 
M. Masson to give ether and water when heated to 284®, and 
at a higher temperature, between 320^ and 392% two Uquid Ay- 
drocarbons; one boiling at 212" represented by CgH^, and the 
other boiling at 572^ {SOCfi cent.) CgHg; the sum of which is 
CieHjg, exactly the composition of defiant gas. The liquid long 
known vls oil of trine is probably one of these hydrocarbons. 
It is found in the retort from which a considerable quantity of 
crude ether has been distilled off lime. 

Sulphate of oande 0/ ethyl and of etherole^ C4H50,C4H4 + Sfi^ 
long known as the sweet oil of wine or the /leavy oil of wine* 
This compound arises from the decomposition of the neutral 
sulphate of oxide of ethyl, which cannot exist in an isolated 
state, and is best obtained by distilling 3 atoms of the sulpho- 
vinate of lime with 1 atom of caustic lime ; these give 1 atom 
of sulphate of oxide of ethyl and etherole, 1 atom of alcohol, 
and 4 atoms of sulphate of lime. The sulphate of oxide of 
ethyl and of etherole is a colourless oily and aromatic liquid^ 
of density 1.33, boiling at 536® (280® cent.), and capable of being 
distilled without alteration, if free from water. It is decomposed 
by water aitd by acids into sulphovinic acid and etherole. 
Etherole, first observed by Mr. Hennel, and sometimes called 
the UgAt oil of trine, is an oily liquid, of density 0.91 7> boiling 
at 536®. Etlierole submitted to a low temperature, deposits 
crystals of etherine, which are long prisms of great lustre, fusing 
at 230® and boiling at 500® (260® cent) -, of density 0.980. These 
two compounds are isomeric, and consist of carbon and hydro- 
gen, in the same proportions as in olefiantgas^ 

Ethionic and uethionic acids, produced by M» Magnus, by 
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the action of anhydrous sulphuric acid on absolute alcohol. A 
crjrstalline compound of olefiant gas and anhydrous sulphuric 
was obtained by M. Regnault, which may be separated by C4H4 
+48O3, or by C^H^OjSjOg + 2SO3, that is, as containing hypo- 
siulphuric acid united with another base^ different from oxide of 
ethy]^ with sulphuric acid. A crystalline compound was also 
obtained by Magnus, by exposing absolute alcohol to the vapour 
of anhydrous sulphuric acid, and named by bim carbyle, which 
appears to be the same. Saturated with carbonate of barytes, 
carbyle gave free sulphuric acid and the soluble ethionate of 
barytes^ which last contains the same elements as sxdphovinate 
of barytes, indicating the assumption of the elements of an atom 
of water by the carbyle. Ethiomc add may be procured by 
adding dilute sulphuric acid cautiously to a solution of ethionate 
of barytes. It is a compound of small stability, and is decom- 
posed by boiling like sulphovinic acid, giving alcohol and isethi- 
amc acidf the last of which does not undergo farther decompo- 
sition. The salts of the latter are likewise isomeric, when dried, 
with the sulphovinates. Isethionic acid may be concentrated, 
and stands 302^ (150° cent.) without decomposition. All its 
salts are neutral to test-paper, and are also remarkably stable, 
supporting a temperature of 482° (250° cent.) without decom- 
position. When fused with an alkaline hydrate, they leave as a 
residue a mixture of the sulphite and sulphate of the alkali, 
£rom which it is inferred that they contain hyposulphuric acid, 
and not sulphuric acid. 

Iseihionate of barytes is prepared by passing pure olefiant gas 
through anhydrous sulphuric acid, in the Uquid state ; or by 
saturating ether in a flask surrounded widi ice, by the same 
add. The acid solution is afterwards boiled, so long as alcohol 
is disengaged, and then saturated with carbonate of barytes. 
This salt is represented by BaO,C4H502+S205. Iseihionate 
of copper crystallizes in regular octohedrons, of an emerald 
green colour, containing 2 atoms of water of crystallization, 
which they lose at 482° (250° cent.), and become white and 
opaque. From none of these salts can alcohol or ether be de* 
rived ; they do not, therefore, contain ethyl. 

Two other acids of this class have been obtained, methionic 
add, by saturating ether with anhydrous sxdphuric acid, without 
cooling the mixture, of which the salt of barytes, BaO,C2H3S207, 
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is insoluble in alcohol ; and atthionic acid^ which is found in the 
residue of the preparation of olefiant gas by means of alcohol 
and sulphuric acid^ of which the salts are isomeric with the sul- 
phovinates, although distinguishable from them by their proper- 
ties (Ettling, Regnault). 

The compounds .which follow are derived from the oxidation 
of alcohol and its derivatives. 



SECTION III. 

ACETYL SERIES OF COMPOUNDS. 

Acetyl 0^113= Ac : a hypothetical radical^ produced by the 
abstraction of 2 atoms of. oxygen from ethyl, by oxidating pro- 
cesses, and which pervades a series of compounds, including 
acetic acid, from which it derives its name. 

The following are the oxygen compounds of acetyl. 

Acetyl .... C4H3 

Oxide of acetyl . . C4H3O . . unknown 

Hydrate of oxide of acetyl C4H3O + HO aldehyde 

Acetous acid . . . C4H30a + HO aldehydic acid 

Acetic acid . • C4H3O3 + HO acetic acid. 

HYDRATE OF THE OXIDE OF ACETYL, OR ALDEHYDE* 

Formula, C4H3O+HO. It will be observed that aldehyde 
occupies the same place in the acetyl series that alcohol does in 
the ethyl series. It was obtained in an impure state by Do- 
bereiner, and afterwards isolated, and its true nature ascertained 
by Liebig. Aldehyde is formed by the action of oxidating 
bodies upon alcohol, by which 2 atoms of hydrogen are ab- 
stracted, and the elements of aldehyde left. It is occasionally 
produced during the absorption by alcohol of oxygen from the 
air, in the process of acetification, and is a product of the action 
of dilute nitric acid upon alcohol, but it is usually prepared by 
the action of dilute sulphuric acid -with peroxide of manganese 
upon alcohol. 

* From alcohol deAydrogetuUum, 



ALDEHYDE. 781 

To prepare aldehyde^ a mixtare is distilled by a gentle heat of 
6 parts of salphuric acid, 4 parts of water, and 4 parts of recti- 
fied spirits of wine, and the product carefully condensed, so long 
as chemical action appears to take place from the frothing up 
of the materials in the retort. The distilled liquid, which is a 
mixture of aldehyde with water and several other secondary pro- 
ducts, is distilled by a water- bath from an equal weight of chlo- 
ride of calcium, till one half of it passes over. But to free the 
aldehyde from foreign bodies, it is necessary to unite it with 
ammonia; the product of the last distillation is therefore diluted 
with an equal volume of ether, and the mixture saturated at a 
low temperature with ammoniacal gas ; the compound, or am- 
moniaraldehyde is deposited in colourless crystals, which are 
aflerwards washed with ether and dried in air. Two parts of 
ammonia-aldehyde dissolved in 2 parts of water are distilled 
with 3 parts of sulphuric acid diluted with 4 parts of water, and 
the product condensed in a receiver surrounded with ice. It is 
afierwards rectified from chloride of calcium, by a heat not ex- 
ceeding 77 or 86** (25 or 30* cent.). 

Aldehyde is a colourless, highly-fluid liquid, of a peculiar 
ethereal and suffocating odour, boiling at JiS^ (22® cent) of 
density 0.790 at 64.4® (18® cent.), neutral, and very combustible. 
It is miscible with water, alcohol and ether. It changes in the 
air into acetic acid by absorption of oxygen. It dissolves phos- 
phorus, sulphur and iodine. 

When pure and anhydrous aldehyde is kept for some time 
at 32% it gradually, loses its power to mix with water, and is 
transformed into a coherent mass, composed of long transparent 
needles, resembling icy spicule. This is JSlaldehyde, which is 
similar in composition to aldehyde, but of three times the atomic 
weight, judging from the [density of its vapour. Elaldehyde 
fuses at 35.6® (2® cent.), and boils at 201.2® (94® cent.). 

Metaldehyde is another product of the condensation of the 
elements of aldehyde, which appears at the ordinary temperature 
in aldehyde left for some time in a well-stopped phial, in the 
form^ of white and transparent needles, or colourless prisms, 
which gradually attain a certain magnitude. It sublimes at 
248® without fusing, and condenses in the air in snowy and very 
light flocks. It is insoluble in water, but dissolves easily in 
alcohol. The density of its vapour has not been determined. 
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Aldehyde is capable of combining directly with ammonia and 
potash^ thus evincing an approach to the acid character* 

Ammoma-HMehydej C^HjO^NHj+HO^ crystallizes in acute 
rhombohedrons, which are transparent, and of great lustre. 
These crystals fuse between 70 and 80® cent, and distil without 
alteration at 100° cent. 

Acetal, or compound of aldehyde tvith ether, AcO^EO 4- HO= 
CgHgOj, was discovered by Dobereiner, and is formed by the 
action of platinum black on the vapour of alcohol with the pre- 
sence of oxygen. Acetal is a colourless very fluid liquid, having 
a peculiar odour, suggesting that of Hungary wines. It boils at 
95.2® cent., its density is 0.823 at 20® cent. It is soluble in 6 
or 7 parts of water, and mixes with alcohol in all proper^ 
tions. 

Resin of aldehyde is a product of the decomposition of alde- 
hyde by alkalies, with the assistance of air. 

ACETOUS OR ALDEHYDIC ACID. 

Formula of the hydrated acid, C4H30a + HO=Ac02 + HO. 
This acid is formed when aldehyde is heated in contact with 
oxide of silver, one half of the oxide being reduced to the me- 
tallic state, while the other half unites with the aldehydic acid 
formed. If to water in a test-tube containing a few drops of 
aldehyde, a little nitrate of silver be added, and ammonia so as 
to precipitate the oxide of silver, and then the tube be rapidly 
heated by the flame of a spirit-lamp, the silver is deposited on 
the tube with a bright surface, like a mirror, and forms a 
beautiful experiment. When the salts of this acid are evapo- 
rated, they become brown, and undergo decomposition. 

ACETIC ACID. 

Formula of the hydrated acid H0+C4H303=H0+AcO3. 

Vinegar has long been derived by the action of air upon alco- 
holic liquors, such as wine Bxtd beer, but the remarkable disco- 
very of Dr. J. Davy, that platinum black in contact with alcohol 
became incandescent, and gave rise to acetic acid, first led Dobe- 
reiner to the discovery that alcohol by absorbing oxygen, gives 
rise to water and acetic acid, without disengaging carbonic acid. 
He found that the elements of I atom of alcohol absorb 4 atoms 
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of oz^en, with the fonDation of 1 atom of anhydrous acetic add, 
and 3 atoms of water : 

C.H«Oa and 40=C,H303 and 3H0. 
or C^HjO + HO and 40=HO,C<H303,+2HO. 

Hence, vhen alcohol is coQTertcd into acetic acid, 2 atoms of 
ozj^eu are directly absorbed, and 2 atoms of oxygen convert 2 
atoms of hydrt^n into water. The atom of water of the alco- 
hol and the 2 atoms of water produced, are all retained, and 
farm a remarkable terbydrate of acetic acid. 

Pure alcohol, diluted with water and exposed to air, does not 
acidify ; the presence of some foreign organic matters, which 
exist in wine and beer, is necessary to act as a ferment, and to 
place the alcohol in a condition to absorb oxygen. This fer- 
ment is no doubt an oxidable azoHsed matter. Some kinds of 
beer, in which the ferment has been ctHnpletely exhausted and 
precipitated by a preceding highly-protracted vinous fermenta- 
tion, sudi as the Bavarian beer, are not liable to become sour or 
undergo the acetous fermentation. The rapid process of acidi- 
fying alcohol, introduced into Germany by MM, Wageman and 
Schusenbach, is the most interesting, in a scienti£c point of view. 

Strong alcoh ol is diluted with 4 or 6 parts of water, and about 
]-1000th of yeast, must of beer, vinegar or honey added to it. 
To acidiiy this liquid, it is heated to 7^ °^ 80°, and made to 
trickle through a cask, filled with beech- fiq. 95. 

wood shavings, (Fig. 95), and pierced 
with fades at top and bottom to allow a 
drculation of air through it. From the 
great sur&ce exposed by the liquid, the 
absorption of oxygen is most rapid, and 
the temperature rises to 100 or 104°. 
When the liquid has been passed three 
or four times through the barrel, at the 
high temperature, all the alcohol it con- 1 
tains is changed into vinegar; an opera- 
tion which may be completed in twenty- 
four or thirty- six hours. The addition of 
eertain aromatic substances, such as the 

essential oits, or a mere trace of wood vinegar, entirely prevents 
t3>e acidification of the alcohol. 

fFood vmegar, or pyroUgneous acid is prepared on a large 
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scale by the distillation of wood, generally that of oak coppice 
deprived of the bark^ which is used in tanning. The watery 
fluid containing the acid, and tarry matter which distil over 
together, are separated, mechanically, in a great measure, by 
subsidence. The acid may be freed from a portion of the em- 
pyreumatic oils it holds in solution, by a single distillation. It 
is purified completely by neutralising it with lime, crystallizing 
the acetate of lime repeatedly, decomposing the latter by sul- 
phate of soda, and fusing the acetate of soda by a high tempera- 
ture, at which the empyreumatic matters are volatilised or 
destroyed. By distilling 3 parts of the acetate of soda, well 
dried and in powder, with 9.7 parts of sulphuric acid, a highly 
concentrated and pure acetic acid is obtained. 

The proportions last mentioned give 2 parts of a hydrated 
acetic acid, which is distilled again, and the two last thirds of 
distilled liquid exposed to 24 or 25^ for the protohydrate of 
acetic acid, which crystallizes. The crystals may be drained, 
fused, and crystallized again, to obtain the hydrate of acetic 
acid in a state of purity. Below 63^ the hydrate crystallizes in 
shining transparent plates or tables, which fuse above 63** into a 
limpid liquid, of density 1.063 ; it boils at 248^ The odour of 
this acid is penetrating and characteristic ; it forms blisters on 
the skin, like a mineral acid. The liquid acid mixes with water, 
alcohol, ether, and several essential oils in all proportions. It 
dissolves camphor and some resins. The vapour of the add in a 
state of ebullition may be kindled, and burns with a pale blue 
flame, producing water and carbonic acid. Nitric acid has no 
action on acetic acid ; sulphuric acid witii heat blackens acetic 
acid, with an evolution of sulphurous acid. 

Acetic acid increases somewhat in density by a slight dilu- 
tion ; the greatest condensation occurring in the hydrate con- 
sisting of 1 atom of anhydrous acid and 3 atoms of water, of 
which the density is 1.07. The strength of a dilute acetic acid 
is best ascertained by the quantity of marble it dissolves. 

Acetic acid forms neutral salts, and with many metallic ox- 
ides sub-salts containing 2 and 3 atoms of base to i atom of 
acid. Most of its neutral salts are soluble. It is recog- 
nised in combination by the peculiar odour of acetic acid evolved 
when concentrated sulphuric acid is added. M. Liebig recom- 
mends as the most certain means of discovering the presence of 
acetic acid, or of an acetate in any substance, to distil it with 
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dilate 8ii}ph?iric md, and to place the product in contact with 
oxide of lead in the cold* If there ^ is any acetic acid present, 
the oxide of lead dissolves, and the solution exhibits an alkaline 
reaction. (Trait^^ i. 398). 

ji^taie of oxide of ethyl, acetic ether, C4H5O+ 0^11303= 
j£0,A. Alcohol is only decomposed to a small extent when 
distilled with strong acetic acid. The ether is prepared by dis* 
tiUing^y with a heat moderate at first, but afterwards increased, 
4.5 parts of strong alcohol and 6 parts of concentrated sulphuric 
acid, previously mixed and cooled, with 16 parts of anhydrous 
acetate of lead. The product is neutralised with a little lime^ 
then poured over an equal bulk of chloride of calcium in a tubu- 
lated retort, and distilled again by a water-bath. Acetic ether 
is a li(|9id of an agreeable refreshing odour^ and is the source 
of the refreshing odogx of some kinds of vinegar which contain 
it. Its density is 0.89 at ^9""; it boils at 165.2'' (74'' centig.). 
Acetic ether is soluble in 7 parts of water, and in alcohol and 
ether in all proportions. I|; is decomposed by alkalies with the 
greatest facility. 

Acetic acid forms neutral and bisalts with the alkalies. The 
neutral solution of acetate of ammonia, the spirits of mindererus, 
is used in medicine. Acetate of potash is a foliated crystalline 
mass, anhydrous, and slightly deliquescent. Acetate of soda 
crystallizes with 6 atoms of water; it is soluble in three times 
its weight of cold water, and in £ve times its weight of alcohol. 
Ijts taste is saline, cooling and agreeable. Acetate of barytes 
crystallizes below 59^ with B atoms of water, and is isomorphous 
with a^tate of lead ; at a higher temperature it crystallizes with 
1 atom of water. It is very soluble in water, and more so at a 
low than at a high temperature. Jicetate of strontian crystal- 
lized below 59° (15® cent.) contains 4 atoms of water, and crys- 
tallized above that temperature only half an equivalent of water. 
Acetate of line crystallizes with water. A concentrated and 
boiling solution of it treated witli sulphate of soda, in the 
preparation of acetate of soda, allows a double sulphate of 
lime and soda to precipitate. Acetate of magnesia is very 
soluble, and crystallizes with difficulty. 

Acetate of alumina is obtained in solution, when acetate of lead 
barytes or hme is precipitated by sulphate of alumina, and is 
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much nsed in dyeing, lliis salt is decomposed in drying, or by 
a slight heat, into free acetic acid and a subacetate of alumina 
which is insoluble. The solution of the pure salt may be boiled 
without decomposition, but if sulphate of potash, or any other 
neutral salt of an alkali be present, the solution becomes turbid 
when heated, and a basic salt precipitates, which dissolves again 
on cooling (Gay-Lussac). Acetate of manganese is used in dye- 
ing, and is prepared for that purpose by mixing acetate of lime 
with sulphate of manganese. This salt is crystallizable. Ace^ 
tate of zinc crystallizes with 3 atoms of water. Acetates of iron : 
a mixture of the acetates of protoxide and peroxide of iron, 
employed as a mordant for dyeing black, is prepared directly by 
dissolving old iron hoops, &c. in crude wood vinegar, with access 
of air. The acetates of lead have already been described (page 
594) ; also the acetates of copper (page 584), acetate of black 
oxide of mercury (page 653), and acetate of silver {page 
673). 

SECTION IV. 

PRODUCTS OF THE ACTION OF CHLORINE, BROMINE, AND IODINE 
UPON ETHYL, ACETYL, AND THEIR COMPOUNDS. 

Oxichloride of ethyl, C4H3CljO,(I), is an oily colourless 
liquid, obtained by saturating anhydrous ether with dry gaseous 
chlorine, cooling the mixture at the beginning, and heating it 
towards the end of the operation. As in the formation of acetic 
acid, 2 atoms of hydrogen are oxidated and withdrawn by 
the action of the oxygen of the air^ upon alcohol, and le* 
placed by 2 atoms of oxygen, so in the action of chlo- 
rine upon alcohol, a similar change occurs, of which the 
product is the oxichloride of acetyl. When heated with 
potassium, this compound gives chloride of potassium, and 
a gaseous body, containing only half the chlorine in the original 
substance, or C4H3CIO, (2), observed by Malaguti. By the 
action of chlorine upon the vapour of pure ether in sun-shine 
Regnault obtained another crystalline compound C4CI5O, (3), 
in which the whole hydrogen of ether is replaced by chlorine. 
FeUx d'Arcet has also observed an accessory product in the 
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preparation of Dutch liquid, which had the composition 
C4H4CIO, (4). It is named chloretheral by him. It will be ob- 
served that the fourth, first and third of these bodies are com- 
pounds^ in which 1,2 and 5 atoms of the hydrogen of chloride 
of ethyl are replaced by chlorine, without any other change of 
composition. They are all neutral bodies. 

Oxisu^kuret of acetyl^ C4H3S2O; a compound in which 2 
atoms c^the hydrogen of oxide of ethyl are replaced by 2 atoms 
of sulphur, is obtained by the action of sulphuretted hydrogen 
upon the oxichloride of acetyl. Anotiier compound is formed 
at the same time, in which I atom of chlorine remains, and only 
1 atom of sulphur is introduced, C4H3CISO. 

j^cetaie 0/ owichloride of acetyl, C4H3CI2O+A, a body formed 
by the action of chlorine upon acetic ether, in which 2 atoms 
of the hydrogen of the ether are replaced by 2 atoms of chlo- 
rine ; or the oxichloride of acetyl is formed, and continues in 
combination with the ace tic add. The benzoate of oxide of 
etiiyl g^ves a compound, of which the formula is BZCI+C4H3 
CLjO. 

Chhroxalic ether, CeCl504 or C4CI5O+C2O3; formed by 
tiie action of chlorine on oxalic ether, crystallizable, fusible at 
291®, not volatile. Cloroaamethane, Cfilfi^+Cfi^NK^; 
formed by the action of ammoniacal gas on tiie ether, crystal- 
lisable, fuses at 2jS\ boils above 392^, volatile. CUoroxalovi' 
fde add is obtained by the action of solution of ammonia upon 
chloroxametiiane (Malnguti, An. de Chim. Ixxiv, 299). 

CAloride of acetyl, 8fc. — ^The following table exhibits the com- 
position and some of the properties of the series of compounds 
formed by Regnault, by treating the chloride of ethyl and the 
products thus obtained, successively with chlorine (An. de Ch. 
Ixxi, 353) : 









Density 




Spec. gnr. 


Boiling point. 


of rapoar. 


C4H5ai 


0.874* 


1 1** centig. 


2219 


C^H^Ulj 


1.174 


64» .. 


3478 


C4H3C1S 


1.372 


75* .. 


4530 


C4HJC14 


1.530 


102° .. 


5799 


C4H1C1S 


1.644 


146» .. 


6975 



4 vol. 






* At ll^ cent ; the otbera between 18 and 20<' cent. 
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Formula : C4HCl302=C4Cl30 + HO. 

This singular liquid, of which we owe the discovery to Liebig, 
may be considered as the hydrate of oxide of acetyl (aldehyde), 
in which the whole hydrogen of the acetyl is replaced by 
chlorine : 

Hydrate of oxide of acetyl . . . C4H 3O + HO. 
Chloral C4CI3O+HO. 

It cannot, however, be prepared directly by the action of 
chlorine upon aldehyde, owing to the facility with which the 
latter body changes, but it is the ultimate product of the action 
of chlorine upon anhydrous alcohol. It is recommended in 
preparing chloral, to introduce a few ounces of perfectly anhy- 
drous alcohol into the body of a tubulated retort, supported 
with its beak somewhat elevated, and with a glass tube adapted 
by a cork to the mouthy and directed upwards, so that what 
condenses may flow back into the body of the retort. Chlorine 
gas carefully dried by being passed through sulphuric acid, 
which is renewed from time to time during the process, is con- 
ducted by a tube entering the tubulure of the retort, and made 
to stream through the alcohol, the body of the retort being 
immersed in cold water to keep it cool at the beginning, but 
afterwards heated to assist in expelling the hydrochloric acid 
formed, towards the end of the process. An immense quantity 
of chlorine is required, and the gas may continue to be absorbed 
by a few ounces of alcohol for twelve or fifteen hours. The 
operation is complete when the chlorine traverses the boiling 
liquid without any disengagement of hydrochloric acid ; a dense 
oleaginous liquid, the hydrate of chloral, is obtained, which 
often becomes a solid mass on cooling. The mass is fused by a 
gentle heat, and mixed in a well-stopt bottle, with two or three 
times its bulk of oil of vitriol, and the mixture gently heated by 
a water-bath ; the impure chlaral comes to the surface of the 
liquid, in the form of a limpid oil. It is drawn off, and boiled 
for some time to expel free hydrochloric acid and alcohol, and 
then distilled from an equal bulk of sulphuric acid, to deprive 
it of adhering water. The last product is pure chloral, except 
a little hydrochloric acid, which is separated by distilling again 
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£rom quicklime slaked and recently ignited^ discontinuing the 
distillation when the lime in the retort is no longer covered 
by the liquid } the product obtained is chloral, perfectly pure. 
(Liebig). 

Chloral is a pretty fluid oleaginous liquid, colourless, greasy to 
the touch, having a penetrating disagreeable odour which pro- 
vokes tears ; its taste is first oily and then caustic. Its density 
is 1.502 at 64.4*» (18« cent), and it boils at 201.2" (94* cent.) 
distilling without alteration ; the density of its vapour is very 
nearly 5000, and its combining measure, 4 volumes (Dumas).. 
Chloral is misdble with alcohol and ether ; it dissolves, appa- 
rently without alteration, sidphur, phosphorus and iodine, with 
the aid of heat. 

Hydrate of chloral. — Chloral is first obtdned jfrom alcohol in 
the state of a hydrate, the water being derived from a reaction 
of the nascent hydrochloric acid and alcohol, which gives rise to 
water and chloride of ethyl. When pure chloral is brought in 
contact with a small quantity of water, (Combination takes place 
immediately on mixing the liquids, with evolution of heat, and 
in a few seconds the compound is deposited as a crystalline 
m4ss, composed of needles, which re-dissolve in a larger quan- 
tity of water. By evaporation of the solution in vacuo, the 
compound is obtained in large rhombohedral crystals, which 
ocmtain 2 atoms of water. The solution of the hydrate of 
chloral is neutral, and has no action on red oxide of mercury ; 
the dry hydrate may be distilled without change. 

Insoluble chhraL — Like aldehyde pure chloral cannot be kept 
long without alteration. It gradually passes into a solid mass 
resembling porcelain, without change of weight, and equally 
whether contained in vessels which are hermetically sealed or 
open. This mass is not dissolved by water, but when placed 
in contact with a very small quantity of water, it slowly changes 
into the crystalline bydrated chloral, which dissolves at once 
when a large quantity of water is added to it. Insoluble chloral 
is modified by contact with sulphuric acid, and somewhat altered 
in composition ; when washed with water it loses a little hydro- 
chloric acid, and acquires some water. The formula assigned to 
modified insoluble chloral is C^^ H4 Clg O7 : which is 3 atoms of 
chloral, minus 1 atom of hydrochloric acid plus 2 atoms of 
water. 
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Sulphuret of ether with M/orin«.--*Regnaiilt has observed that 
the sulphuret of ethyl is powerfully acted upon by chlorine^ 
with the assistance of light ; 4 atoms of hydrogen are replaced 
by 4 atoms of chlorine, and the compound C4 CI4 HS formed, 
which is a fetid liquid, boiling about 320'' (160® cent.) ; of 
density 1.673 at 75.2* (24» cent.) 

Chbr acetic add, C4 CI3 O3 + HO.— This remarkable acid, in 
which the 3 atoms of the hydrogen of acetic acid are replaced by 
3 atoms of chlorine, was obtained^ by M, Dumas^ by the action 
of chlorine gas contained in large balloons upon the hydrate of 
acetic acid, exposed to the direct rays of the sun for a whole 
day. It crystallizes in rhomboidal plates or colourless needles, 
which deliquesce rapidly in damp air. Chloracetic add whitens 
the tongue ; its vapour is suffocating and painful to the organs 
of respiration. It reddens litmus^ without bleaching it. The 
crystals fuse at 45 or 46® cent. ; and fused they enter into ebul- 
lition between 195 and 200® cent. The density of the fused 
acid at 46® cent, is lt617* It forms a class of salts which 
greatly resemble the acetates; they are all soluble, and are 
blackened by an excess of alkali even more readily than the 
acetates. 

Chloracetic acid exhibits a beautiful transformation when 
heated in contact with an alkali ; it is decomposed into perchlo- 
ride of formyle, a metallic chloride, and alkaline carbonate and 
formiate. Acetic acid gives in the same circumstances light 
carburetted hydrogen (C, H4) and an alkaline carbonate. (Du- 
mas, An. de Ch. Ixxiii, 77 ^^^ S^)* 

Heavy chlorinated ether. — The body which principally is 
formed when alcohol of 80 per cent. (0.848) is saturated with 
humid chlorine gas. It precipitates from the acid liquid when 
water is added. It is colourless, neutral, of density 1.277) &nd 
boils between 112 and 125® cent. The results of its analysis are 
discordant, which M. Regnault supposes to arise from interme- 
diate chlorinated bodies, which form between aldehyde and 
chloral : 



Aldehyde. . . C4 H4 O^ 
Intermediate bods. ^* JJs CI O^ 
Chloral. . ctn'^ClsOj 
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Bromaly C4 Bfj O+HO. — ^This compound^ which corresponds 
with chloral^ was formed by M. Loewig by adding 18.8 parts of 
bromine to i part of alcohol cooled by ice, adding the former 
in small portions^ taking care that the part previously added 
had first disappeared* It is purified in the same manner as 
chloral. Bromal i&a colourless oily liquid of a peculiar and 
▼ery strong odour which provokes tears^ and of a caustic taste^ 
Its density is 8.34, and boiling point below 212^ Bromal is 
miscible with water, alcohol and ether* Caustic alkalies trans- 
form it into an alkaline formiate and perbromide of formyl. 
Its solution afbrds by evaporation a crystalline hydrate, con<- 
taining 4 atoms of water^ consequently 2 atoms more than the 
hydrate of chloraL 

Brammated ether. — Loewig has observed, that bromine in 
acting upon ether, produces a body analogous to heavy chlori- 
nated ether, but respecting the composition of which there is 
the same uncertainty. 

lodaL — An oleagmous liquid which corresponded in some 
properties with chloral, was obtained by M. Aim^, by the 
action of 4 parts of alcohol, one part of iodine, and one part of 
fuming nitric acid, left in contact in a bottle imperfectly closed; 
but its composition was not ascertained. Mr. Johnston had 
previously obtained some peculiar substances by a similar Ter- 
action. 

Chloride of cyanogen upon alcohoL — ^A slightly volatile cry- 
stalline matter is produced, when a mixture of alcohol and very 
concentrated hydrocyanic acid, or a mixture of alcohol and a 
metallic cyanide soluble in alcohol, is saturated with dry chlo- 
line. This crystalline substance has a silky lustre, and consi- 
derably resembles sulphate of quinine. It fuses at 248<>, sub^ 
liming in part. Its empyrical formula is C^g H^^ O3 Cl^ N^, 
corresponding with S atoms ,of aldehyde ^{C^ H4 O,), 2 atoms 
of chlorine Cl^ 2 atoms of cyanogen Nj C4, and 2 atoms of 
water H^ O,* (Stenhouse). 

SECTION V. 

CONGENERS OP ALCOHOL OF AN UNCERTAIN CONSTITUTION. 

Hydrurei of aceiyl, olefiant gas, etherine, elayl (Bei»elius) ; 
C4 H4 = C4 H5, H or AcH.— This gas is generally prepared by 
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heating a mixture of 1 part of alcohol with 6 or 7 parts of con- 
centrated sulphuric acid (page 426); and is accompanied hf 
sulphurous add, the vapour of ether, the double sulphieite of 
oxide of ethyl and etherole (page 77 2) » from all of which it is 
purified by passing it first through milk of lime, and then 
through oil of vitriol. M. Mitscherlich finds it to be formed 
almost exclusively, when alcohol is brought into contact with 
oil of vitriol heated to 320^ (page 772). 

Pure hydruret of acetyl has a feeble ethereal odour ; it is only 
very slightly soluble in water, oil of vitriol, alcohol and ether* 
It forms a crystalline compound with anhydrous sulphuric acid^ 
C4 H4+4SO3. It combines with chlorine gas in equal volumes^ 
and forms an oily liquid (a property from which it received the 
name of olefiant gas), the chlorhydnite (hydrochlorate) of the 
chloride of acetyl, known as Dutch-liquid, or the oil of olefiant 
gas. 

Chlorhydrate of chloride of acetyl^ C4 H3 CI, H CI, or Ac CV 
H CI. — Is purified by mixing with water and distilling the pro- 
duct last mentioned, by a water bath ; depriving it afterwards 
of the water which it takes up by shaking it in a bottle with 
sulphuric acid, and distilling again by a water bath. It is a 
very fluid colourless liquid, of an agreeable ethereal odour and 
sweetish taste ; boils at 82.4® cent.; density of its vapour 3448.4* 
It communicates its odour to water without dissolving sensibly 
in it, but is soluble in all proportions in alcohol and ether. 
This compound may be distilled firom hydrate of potash with-^ 
out change, ;but is gradually decomposed by an alcoholic sola* 
tion of potash into chloride of potassium and chloride of acetyl % 
when this compound is heated with potassium, hydrogen gas 
and the chloride of acetyl are disengaged. 

Chlorhydrate of chloride of acetyl readily absorbs chlorine^ 
and by the continued action of that body a product is obtained^ 
which by distillation furnishes two new compounds, one at 
235*»(ll5«cent.) C4 Hj Cl^, HCl; and another at 275Ml»5* 
cent.) C4 H2 CI4. The last compound by the continued action 
of chlorine in diffuse day-light, or more rapidly when exposed 
to the direct rays of the sun, is converted into the crystalline 
prochloride of carbon, C4 CJg (page 377)- 

Chlitide of acetyl, C4 H3 CI, = Ac CI, separates firom the 
alcoholic solution above referred to, in the form of gas, by the 
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effect of a gentle heat; tlie gas is parified from adhering yapoul^ 
of alcohol and water, by passing it through sulphuric acid. This 
gas has an odour which suggests that of garlic ; its density is 
2166, and combining measure 4 volumes. It is condensed into 
a limpid Hquid at —0.6^ (— I7^cent.) 

Chloride of acetyl is absorbed by perchloride of antimony 
(Sb Clg), and when the saturated solution is diluted with water, 
an ethereal liquid separates, consisting of a mixture of chloride 
of acetyl and hydrochloric add, with a new compound C4H3CI3, 
or C4 U^ Cl^+H CI. This- last when distilled with an 
alcoholic solution of potash is resolved into chloride of potas« 
slum, water and another new volatile liquid, C4 H^ CL29 or 
C^H CL Lastly, by continuing the action of chlorine upon the 
preceding bodies, the compound C4 H^ C14 is obtained, or 
lather C4 H CI3+H CI, for potash transforms it into C4 H CI3, 
and chloride of potassium. (Regnault). 

Bromhydrate of bromide of acetyl, C4 H3 Br+H Br, is a 
colourless liquid, boiling at 129.5^ cent., obtained by passing 
olefirat gas into bromine. 

Bromide of acetyl^ C4 H3 Br = Ac Br, a gaseous body of 
density 3691, of which the preparation is the same as that of 
chloride of acetyl. 

lodhydrate of iodide of acetyl, C4 H3 I + H I. — ^This com- 
pound is slowly produced when iodine is left in a bottle of 
defiant gas at the ordinary temperature, and sublimes in white 
crystals; but it is best prepared, according to Regnault, by 
heating iodine to 122 or 140° in a convenient vessel, and intro* 
ducing pure defiant gas into it, till all the iodine is converted 
ihto a pulverulent yellow or white substance. The compound 
fuses at 172.4® (78® cent.), and may be sublimed in defiant gas, 
but not in air without decomposition. When heated with hy- 
drate of potash and alcohd, there is a disengagement of olefiant 
gas and formation of iodide of potassium, and other products 
which have not been studied. Tliis body does not furnish 
products corresponding with those derived from the chlorhy- 
drateofthe chloride of acetyl, when decomposed; it is very 
doubtful, therefore, whether the former is similar in constitu- 
tion to the latter, as represented above. 

CUaroplaiinate of chloride of acetyl, C4H3PtCla==C4H3Cl+ 
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PtCl, or AcCl + Pt CI. — ^Thia compound is fbnned by the actioa 
of bichlorideof platiniim upon alcohol, together with aldehyde^but 
it is best prepared from a double oompound, whidi it forms with 
chloride of potassium or chloride of ammonium. Pure bichlo- 
ride of platinum containing no free nitric acid is dissolved in 
alcohol ; a small quantity of free hydrochloric acid, and a quantity 
of chloride of potassium equal to one eighih of the wdight of the 
bichloride of platinum are added to this solution^ and the whole 
digested for several hours at* the temperature of boiling water. 
The excess of alcohol is removed by distillation^ and the residue 
saturated with carbonate of potash. By evaporating at a gentle 
heat the compound in question is obtained in the crystalline form> 
and maybe purified by new crystallizations. (Liebig's Trait^. By 
dissolving this, compound in a Uttle water and adding bichloride 
platinum to the solution, so long as the double chloride of 
platinum and potassium precipitates^ a yellow liquid is obtained,, 
which ought to be evaporated in a dry vacuum in the absence 
of light. There results a gummy mass of a honey yellow colouy 
liable to be blackened by light, which is the cUoroplatinate of 
the chloride of acetyl. It dissolves slowly in water and alco- 
hol ; these solutions have an add reaction. The hydrochloric 
add of Dutch-liquid bdng represented by proto-chloride of 
platinum^ Pt CI, the compound described and Dutch-liquid may 
be considered as analogous : 

Chlorhydrate of chloride of acetyl. . . Ac Cl-fH CL 
Chloroplatinate of chloride of acetyl. . Ac C1+ Pt CL 

But various other views of the constitution of this compound 
have been proposed. 

Chloroplatinate of chloride of acetyl and potassium^ Ac CI, 
Pt Cl+K CL— The discovery of this salt, of which the prepa- 
ration has just been described, is due to Berzelius. It crystal- 
lizes in semi-transparent regular prisms, of a lemon yellow 
colour, which abandon 4.625 per cent of water of crystallissa- 
tion at 212° and become quite opaque. It is soluble in alcohol,. 
and also in 5 parts of hot water, and is less soluble in cold 
water. The solution is partially decomposed when heated to 
194% metallic platinum bdng predpitated and hydrochloric add 
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fiberated, which hat protects the salt firom further decom- 
position. 

Chloride of ammonium and chloride of sodium form corres- 
ponding double salts with the chloroplatinate of chloride of 
ethyL 

Ammamacal cUaroplaiinate of chloride of acetyl. — ^Ammonia 
or the carbonate of ammonia throws down a lemon yeUow pre- 
cipitate from the solution of these double compounds, in which 
die chloroplatinate of chloride of acetyl is united with the ele- 
ments of one atom of ammonia : Ac Pt Cl^+NHs. It is solu- 
ble in alcohol; sparingly soluble in cold water; and its solution 
cannot be evaporated without decomposition. 



SECTION VI. 

PRODUCTS OF THE ACTION OP HEAT UPON THE ACETIC ACID 

OF THE ACETATES. 

ACETONE. 

Syn. Pyroacetic spirit^ mesiiic alcohol, bihydraie of mesity- 
lene {Kane), Empyrical formula C3 H3 O. 

The vapour of strong acetic add passed through a porcelain 
tube heated to dull redness is decomposed without the deposi- 
tion of any charcoal^ being converted entirely into the vapour 
of acetone^ which condenses^ and a mixture of gases^ containing 
carbonic oxide, carbonic acid and carburetted hydrogen. If the 
temperature exceeds a dull red heat^ the products are a brown 
empyreumatic oil, inflammable gases and a deposit of charcoal. 
Anhydrous acetic acid contains the elements of 1 atom of car- 
bonic add and 1 atom of acetone : 

C4 H3O3 = CO2 and C3 H3 O^ 

The acetates of the stronger bases which retain carbonic add at 
a red heat, when submitted to destructive distillation become 
carbonates^ and supply no volatile product except acetone. 
The acetates of earths of which the carbonates are decomposed 
at a red heat, such as magnesia, afford a mixture of acetone 
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and carbonic acid, when distilled ; and acetates of bases which 
are easily reduced, such as the acetates of copper and silver, 
yield hydrated acetic add, carbonic oxide, carbonic add, water 
and acetone, the residuum containing a mixture of the metal 
and highly divided charcoal. Acetone also appears among the 
products of the distillation with an alkali of sugar and other 
ternary compounds of carbon, oxygen and hydrogen (page 710)* 

Acetone may be conveniently prepared by distilling a mixture 
of 2 parts of crystallised acetate of lead and 1 part of quick- 
lime in a salt-glaze jar (greybeard), the lower part of the jar 
being coated with fire-clay, and a bent glass tube half an inch 
in diameter adapted to the mouth by a cork, so as to form a* 
distillatory apparatus. The jar is supported in the mouth of a 
small furnace, by which the lower part of the jar only is heated 
to redness, and the vapours conducted into a Liebig's condenser* 
The product is redistilled from quick lime repeatedly,till its boil- 
ing point is constant at 132^. 

Acetone is a limpid colourless liquid, having a peculiar pene* 
trating and slightly empyreumatic odour. Its density in the 
liquid state is almost the same as that of alcohol 0.7921, and 
the density of its vapour 2022, air being 1000 ; its taste is 
disagreeable and analogous to that of peppermint. It is mis* 
cible in all proportions with water, alcohol and ether. Mafiy 
salts which are soluble in alcohol and water are insoluble in. 
acetone, particularly chloride of calcium and hydrate of potash ; 
acetone is separated from water, by dissolving such salts in the 
mixture of these liquids. Acetone is highly inflammable and: 
bums with a white flame. 

On rectifying acetone derived from the acetates, a less vola- 
tile oleaginous body remains in the retort, which has been 
examined by Dr. Kane and named dumarine. This empyreu* 
matic oil has a disagreeable odour and burning taste; it boils at 
248^ (120** cent.) j its composition is expressed by C^q Hq O ; 
the density of its vapour is 5204, and its combining measure 
4 volumes. 

MetcLcetone, Cg H^ O, which is also obtainable firom sugar^ 
has already been described. 

Dr. Kane who examined acetone and the products of its. 
decomposition several years ago, then assigned to the former 
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the constitntion of an alcohol^ doubling its atomic weight and 
giving it the formula : 

Ce H5 O+HO. 

The bodies derived from it, which I can only notice very shortly, 
were named by him on that theory. 

Mentylene, Cg H4. — ^Tbis hydrocarbon is an oily colourless 
liquid, obtained on distilling acetone with half its volume of 
fuming sulphuric acid^ It is obviously formed by the abstrac* 
tion of the elements of 2 atoms of water from acetone. Sul- 
phuric acid, nitric acid and chlorine react upon mesitylene in 
the same way as they do upon benzin (benzolej. Mesitylene is 
lighter than water; it boils at 276.4^ (135,5® cent) Later in 
the distillation of the materials which yield that oil, another oil 
which resembles it much passes over, but of which the boiling 
point is more elevated. The formula of the second oil appears 
to be Cg Hj. 

Oxide of mesUyle, C^ H^ O (Kane). — Is obtained on adding 
caustic potash to the chloride of mesityle ; a limpid colourless 
liquid, not miscible with water, having the odour of pepper- 
mint ; it boils at 248"". 

Chloride of fnesitykf Cg H5 CI (Kane). — Produced by the 
direct action of hydrochloric acid upon acetone, or by adding 
2 parts of perchloride of phosphorus gradually to 1 part of 
acetone. An oily liquid denser than water, and not miscible 
with that liquid. 

Chloroplatmate of oxide of mesityle, C^ H5 O, Pt CLj (Zeise) ; 
named metacechlorplatin by Zeise. — Obtained by distilling a 
solution of 1 proportion of bichloride of platinum with 21 pro- 
portions of acetone, when hydrochloric acid and an ethereal 
body pass over into the receiver, and a brown acid residue is 
left in the retort. The residue contains a resinous matter which 
Zeise names the resin of platinum ; the aqueous solution derived 
from washing the resin, becomes turbid after a time, and de- 
posits the compound in question in small yellow crystals which 
lose nothing at 212®. It is slightly soluble in water; the 
solution is decomposed by ebullition. When the mother liquor 
of these crystals is distilled, there is a disengagement of gas, 
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and a black flocculent powder is precipitated, which is explosive 
by heat. Zeise has named it pyracechlorplatin. 

SfdphomesitiUc acid. — By the action of fuming sulphuric acid 
upon acetone there is produced among other products^ an acid 
of which the salt of lime is expressed by : 

CaO, C3 H3 O+SOy 

This salt loses the elements of half an atom of water by heat. 
Its acid does not correspond with sulphovinic add as the satu- 
rating power of the sulphuric acid in the former is not injured 
by the acetone, while it is diminished one half by fixe oxide of 
ethyl in the latter. Nor can acetone be reproduced from 
sulpho'-mesitylic acid by any means. Acetone likewise afifords 
no peculiar acid by its oxidation, as alcohol does acetic acid. 
Hence acetone is deficient in what are now considered the three 
most essential characters of an alcohol. 

When 2 measures of acetone are mixed with 1 measure of 
hydrate of sulphuric acid, send the liquid diluted with water and 
neutralised with lime, a new salt is obtained analogous to the 
former, but containing twice as much acetone : 

CaO, CeHfiOa+SOs. 

The acid of these salts undergoes decomposition when deprived 
of its base by sulphuric acid, and evaporated. 

By the action of nitric acid upon acetone Dr. Kane obtained 
the two following bodies, the composition of which^ however, 
is somewhat doubtful : 

Nitrite of oxide of pteJetf I. . . . C3H3O+NO3; 
Meritic aldehyde C3 H3 O^. 

By the action of phosphoric acid and of phosphorus with 
iodine, two acids were also obtained : phosphomesityUc acid and 
hyphosphomesitylous acid, the formula of tiie salt of barytes of 
the latter being, Ba O, Cg Hg O3 P. 

Mesitic chloral^ Cg H4 CLj O3 (Dumas, Kane). — Obtained by 
passing dry chlorine through acetone, till the disengagement of 
hydrochloric acid ceases. It is a liquid of a penetrating insup- 
portable odour, insoluble in water; density 1.33, and boiling 
point 258.8" (126" centig.) 
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Chloride of pteleyl, C3 H3 CI (Kane). — A crystalline sub- 
stance obtained by passing a current of chlorine into mesity- 
lene. 

SECTION VIL 

ARSENICAL COMPOUNDS DERIVED FROM ACETYL. 

By the dry distillation of equal weights of acetate of potash 
and arsenious acid, a remarkable liquid is obtained known as 
the liquor of Cadet or alcarsin. This liquid may be supposed to 
be formed by the abstraction of 2 atoms of carbonic acid from 
the elements of 2 atoms of acetone and 1 atom of arsenious 
add: 

2 atoms acetone. « « Cq H^ O, 

1 ,y arsenious acid. • AsOj 

—2 „ carbonic acid. . Ci, O4 
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1 „ alcarsin. « . C4 H^ As O 

This is a body remarkable for its insupportable odour and 
spontaneous inflammability in air. The mode of formation and 
ozidability of alcarsin, favour the idea that it belongs to the 
acetyl series and contains arsenietted hydrogen. In the follow- 
ing scheme of the composition of alcarsin and its derivatives, 
the former is represented as containing the hypothetical oxide 
of acetyl and arsenietted hydrogen (Liebig) : 

Alcarsin. • . • Ac O +As H3 

Chlorarsin. • • Ac CI +As H, 

Sulpharsin. . • Ac S -fAs H3 

Cyanarsin. • • • Ac Cy+As H3 

Alcargen. . . .Ac Oj+As H3+HO 

Berzelius, however, considering the pre-existenoe of arse- 
nieted hydrogen in these compounds as improbable, presumed 
alcarsin to be the oxide of a compound radical, which he named 
cacodyl (from icajcoc and ^vc)^ in reference to the repulsive 
odour of alcarsin. The same theory is adopted by M. Bunsen, 
who has devoted great labour and much ingenuity to the pain- 
ful investigation of this class of bodies, of which the sensible 
properties are most offensive and dangerous. M. Bunsen has 
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ftttcceeded also in isolating cacodyl, the supposed radical of the 
series, a discovery of much interest for the theory of compoond 
radicals. 

CACODYL. 

Formula C4 Hg As = Kd. 

Cacodyl is a liquid obtained from the continued digestion of 
the chloride of cacodyl with metallic zinc at 230®, and dissolving 
out the chloride of zinc formed by water. It is dried by quick- 
lime, distilled in a glass retort filled with carbonic acid to 
exclude air and crystallized repeatedly at 21. 2* ( — 6® centig.) 

Cacodyl is an ethereal limpid liquid (greatly resembling its 
oxide), oif a nauseous odour, which crystallizes in shining prisms 
at 2S\ It takes fire spontaneously in air and in chlorine gas^ 
with the formation of a cloud of white smoke. It sinks in water, 
in which liquid it is insoluble ; it is soluble in alcohol and ether. 
Its boiling point is about 338** (170^ cent.); the density of its 
vapour by experiment 7101, by theory 7281 ; its combining 
measure 2 volumes. Its vapour is deoomposed at a red heat 
into arsenic, olefiant gas and light carburetted hydrogen. 

Oxitte of cacodyly alcarsin, C4 Hg As + = Kd O. — Is pre-r 
pared by the distillation of a mixture of equal weights of dry 
acetate of potash and arsenious acid. At the same time metal- 
lic arsenic distils over, with acetic acid and acetone which 
float in the receiver above the fluid alcarsin. The latter is ob-i 
tained pure by washing with water free from air, and by distil- 
lation from quicklime in a retort filled with hydrogen gas, and 
from which atmospheric air is most carefully excluded. Oxide 
of cacodyl is also produced by the direct oxidation of cacodyl 
from slow access of air ; and also from the partial reduction of 
cacodylic acid by phosphorous acid. 

Oxide of cacodyl is an ethereal limpid liquid, of very consi- 
derable refracting power, 1.762; it boils at about 302® (150*^ 
cent.), and solidifies in the form of white silky plates at «-«9.4*^ 
( — 23° cent.) Its odour suggests that of arsenietted hydrogen, 
is most disgusting, i^nd provokes a copious flow of tears. The 
density of its vapour is 7^55 by experiment, and 7833 by theo* 
ry; its combining measure 2 volumes. It takes fire sponta* 
neously in air and burns witli a white flame and strong odour. 
Taken internally alcarsin is a violent poison. 
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Oxide of cacodyl is but slightly soluble in water, but dis- 
solves in all proportions in alcohol and ether. It dissolves in 
caustic potash colouring the latter brown ; dilute nitric acid dis- 
solves it without disengagement of gas, but when heated decom- 
position occurs. Oxide of cacodyl dissolves phosphorus^ sul- 
phur and iodine; the solution of the last is colourless and 
deposits crystals, which disappear again when an excess of 
iodine is added. It combines with the hydrate of sulphuric acid^ 
forming thin needles which have an acid reaction and are 
deliquescent. Besides combining with acids, oxide of cacodyl 
combines also with salts. When its solution in alcohol is 
mixed with a solution of chloride of mercury, a white precipitate 
fidlsy soluble in hot water and crystallizing from it, which is a 
compound of 1 atom oxide of cacodyl, and 2 atoms chloride of 
mercury. This compound is inodorous. It yields with hydro- 
chloric add, chloride of mercury and chloride of cacodyl. 
Oxide of cacodyl forms a similar compound with bromide of 
mercury. It reduces the salts of the suboxide and oxide of 
mercury. 

CacodyUc acid, alcargen, HO, C4 H^ As O3 = HO+Kd O3. 
—Cacodyl and its oxide left under water to the slow action of 
air, oxidate so as to become cacodylic acid. The hydrated 
acid crystallizes in large colourless prisms, is inodorous, not 
poisonous, fusible, soluble in water and in alcohol. It is 
reduced to the state of chloride of cacodyl by chloride of zinc, 
and to the state of oxide of cacodyl by phosphorus acid. 
Alcargen has a feeble acid reaction; it combines with the 
alkalies, giving rise to compounds, which have the aspect of gum 
and are not obtained under regular forms. It dissolves in the 
hydrate of sulphuric acid without being modified ; is not attacked 
by anhydrous sulphuric acid, and is oxidated witli difficulty by 
nitric acid and aqua regia. 

M. Bunsen adds one atom of oxygen to the formula for 
alcai^en, but Liebig has shewn that the formula as given above 
is more in accordance with Bunsen's analysis of alcargen than 
his own view. 

Sulphuret of cacodyl, C4 Hg As+S = Kd S, may be obtained 
directly by uniting cacodyl with I atom of sulphur, or by the 
distillation of chloride of cacodyl with sulphuret of potassium. 
' 2 G G 
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This body is also a prodact of the decomposition of oxide of 
cacodyl by sulphuretted hydrogen gas* It is an ethereal liquid, 
of a highly disagreeable smell, which does not fame in air, is 
heavier than water and insoluble in that liqtdd. The density of 
its yapour is by experiment 7B10, by calculation 8390, its com- 
bining measure 2 volumes. It is resolved by hydrochloric acid, 
into sulphuretted hydrogen and chloride of cacodyl. 

PerstUphuret of cacodyl of the composition 2C4H6AS4- 
58 = 2 Kd+5S, is formed when sulphur is dissolved in the 
preceding compound or in cacodyl itself. It may be crystallized 
from ether in colourless prisms, which fuse at 109.4^ (4S® cent.) 
A protoseleniurei of cacodyl has also been formed. 

Chloride of cacodyl, C4 Hg As-hCl = Cd+Cl, is formed by 
(he digestion of oxide of cacodyl in hydrochloric acid, or by the 
slow action of chlorine on cacodyl. It is a colourless ethereal 
Uquid, which does not fume in air, does not solidify ait — 49* 
(-—45® cent.), and is converted a little above 212® into a colour- 
less vapour, which inflames in the air. Its odour is extremely 
penetrating and stupifying. The density of its vapour is by 
experiment 4560, by calculation 4860; its combining measure 
2 volumes. Chloride of cacodyl combines with metallic chlo- 
rides. 

Similar compounds of cacodyl with bromine, iodine, and 
fluorine have been formed. 

Oxichloride of cacodyl, Kd + 3 Kd CI, is formed by treat- 
ing the chloride with water, or by distilling it with hydrochlo- 
ric acid. The density of its vapour is by experiment 5460, 
by calculation 5300 ; its combining measure 3 volupies. It is a 
liquid very like the oxide, boiling at 228.2® (109® cent.) A 
corresponding oxibromide of cacodyl 9JiA an oxyiodide of cacodyl 
have been formed. 

Cyanide of cacodyl, C4 Hg As +N C3 = Kd Cy, is produced 
by the distillation of concentrated hydrocyanic acid or of a so- 
. lution of cyanide of mercury with oxide of cacodyl. It crystal- 
lizes in fine prisms of a diamond lustre, highly limpid, which 
emit a strong and insupportable odour. It is insoluble in water, 
fusible at 91.4® (33® cent.) and crystallizable by cooling. Its 
density in the state of vapour is 4650 by experiment, and 4540 
by calculation ; its combining measure 2 volumes. The cyanide 
is the most poisonous of the compounds of cacodyl. ^ 
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It will be observed that oxide of cacodyl or alcarsin corres- 
ponds in composition with alcohol, if As is supposed equivalent 
toO. 

Alcohol. . . C4 Hg O + HO or C4 H^ Oj 
Alcarsin. . . C4 Hg As + HO or C4 Hg O As 

But as alcarsin is the oxide of a radical cai^odyl, C4 H^ As, pur- 
suing the analogy, alcohol should be the oxide of a correspond^ 
ing radical C4 Hg O. Chemists will wait with interest . for thb 
investigations of M. Bunsen, illustrative of this point. In the 
meantime a doubt may be entertained whether the arsenic in 
alcarsin replaces the oxygen of alcohol, or whether there is any 
close relation between these two compounds. Their primary 
binary, or molecular structure is possibly very different. In 
the ether constituent of alcohol we have probably 4 C zincous 
or positive, and 5 H + O chlorous. While in cacodyl, we have 
40+ As zincous, and 6H chlorous; so that placing the zincous 
constituent to the left (as usual) and the chlorous to the right, 
we have the molecular formula for cacodyl as follows : 



^S 



}-{ll 



Cacodyl is thus represented as an association of acetyl and arse- 
nietted hydrogen, forming together a compound radical, which 
is combined in alcarsin, with 1 atom of oxygen and in alcargen 
with 3 atoms of ^ygen. 

SECTION VIII. 

ON THE RELATION BETWEEN THE ETHYL AND AMMONIUM 

SERIES. 

A remarkable and highly interesting parallelism exists be- 
tween these two series of compounds, to which the attention 
of chemists was first directed by Dr. Kane. It will be observed 
that acetyl has the relation to ethyl, which amidogen has to 
ammonium, the more compound radical in both cases contain- 
ing 2 atoms more of hydrogen than the simpler. We may 
suppose the ethyl compounds to contain acetyl, as the ammo- 
nium compounds are supposed, on one view, to contain amido- 
gen ; and when thus resolved the analogy of many of the ethyl 
to ammoniimi compounds is very striking. ' The principal diffe- 

/ 2 G G 2 



804 ETHYL AND AMMONIUM SERIES. 

rence between the two aeries depends upon a chemical diffe- 
rence in the characters of their radicals ; acetyl being capable of 
forming acids^ while amidogen does not possess that pro- 
perty. 

Expressing amidogen NH^ by Ad, and acetyl C4 H3 by Ac, 
the following pairs of compounds from the two series will be 
fomid to correspond in composition^ differing only in the one 
containing acetyl while the other contains amidogen* (Liebig's 
Trait^. 
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SECTION IX. 

LACTIC AND VISCOUS FERMENTATIONS. 

At a temperature between 86 and 104®, the saccharine juices 
of plants containing albumen or other azotised matter, undergo 
a species of fermentation, which is different from the vinous, 
combustible gases being evolved with carbonic acid, and a gummy 
matter formed, having the composition of gum arabic, which 
renders the liquid ropy and thick, and hence the application of 
the name viscous to this fermentation. On examining the 
liquid after effervescence ceases, it is found to contain no alco- 
hol, but two new substances, in large quantity, namely mannite 
and lactic acid, which together contain the elements of dried 
grape sugar, minus 1 atom of oxygen : 

Mannite Cg H^ Og 

Lactic acid. . . • Cg H5 O5 



C12H13O11 



MM. Boutron and Fremy have lately observed that the 
formation of lactic acid precedes that of the other products, 
and that it may be produced alone, without the evolution of 
any gas or formation of mannite. Diastase and caseum after 
they have undergone a modification by a few days' exposure in 
a humid state, to air, are of all organic matters containing 
nitrogen the most efficient in determining the lactic fermenta- 
tion. Air does not interfere by its elements, unless in trans- 
forming the animal matter into the lactic ferment. The 
membranes of the stomach of the dog and calf have no action, 
when well washed with cold water and fresh, on neutral subs- 
tances, such as sugar and dextrin, but after being preserved for 
some time in water, they acquire then the property to transform 
such matters rapidly into lactic acid. These membranes some- 
times produce another acid, differing from the lactic, of which 
the salt of lime is insoluble in alcohol, while the lactate of lime 
is readily soluble in that liquid. The substance of bladder afler 
being exposed humid till it begins to decompose, also excites 
the lactic fermentation. 
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Diastase after being exposed two or tihree days to bamid air 
undergoes a modification, and acquire the property of trans- 
forming starch into lactic acid, making it pass probably through 
the intermediate state of dextrin. Hence malt, aUghtly 
moistened and exposed to air for two or three days, wheit 
afterwards pomided and placed in water kept at a temperature 
of from 68® to 77S becomes warm, and after a few days, the 
liquid is found to contain much lactic acid. This is a pure 
lactic fermentation, without any production of mannite. But 
animal matters prepared in a similar maimer often modify sugar 
quite differently, very little lactic acid is formed but con- 
siderable quantities of mannite and the viscid matter. IVe- 
quently indeed the sugar is wholly changed into alcohol and 
carbonic acid^ The albuminous ferments in different stages of 
decomposition produce different fermentations. (Annales de 
Chimie, &c., 3 s^e, ii> 2570 

* 

LACTIC ACID* 

Formula of the acid combined with oxide of zinc : 

CeH605=L; of the hydrated acid HO+C6H505=HOL,5 
of the sublimed acid CQH4O4. 

Other sources of lactic acid, are the whey of milk, in which 
it is formed while the latter becomes sour, hmnan urine, and 
probably most other animal fluids, the juice of fermented 
cabbage or sour-crout, and the fermented extracts of rice and 
of nux-vomica, the spent ley of tanners, and the sour water 
of the starch manufacture, from which lactic acid has been 
prepared for sale. 

The process for lactic add recommended by Boutron and 
Fremy consists in mixing 8 or 12 pints of milk, with a solution 
of 8 or 12 ounces of milk sugar in water, and leaving the liquid 
exposed to air in an open vessel for several days, between 
68* and 77**- The liquid being now found very acid, is neu^ 
tralised with bicarbonate of soda ; after twenty four or thirty 
hours, being again acid, it is saturated, and the saturation 
repeated tiU all the milk sugar is converted into lactic acid. 
When it is supposed that the transformation is complete, the 
milk is boiled to coagulate the caseum ; and the liquid filtered 
and evaporated to a syrupy consistence, with caution at a 
moderate temperature. The product of the evaporation is 
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taken up by aloohol at 100^^ which dissdves the lactate of soda. 
Sulphuric acid added in proper quantity to the alcoholic solution, 
forms sulphate of soda^ which precipitates^ and the liquid yields 
by evaporation lactic acid nearly pure. To purify the acid, it 
may be converted into lactate of lime, which crystallizes imme* 
diately in tufts which are perfectly white. From this salt 
lactic acid may be again separated by means of sulphuric acid. 
Or, the original lactic acid may be saturated with any other 
base, and crystallized lactates obtained in a very short time. 

Concentrated to a maximum by evaporation, lactic acid is a 
thick, colourless, uncrystallizable liquid, of density 1.215, with- 
out smell, and having a strong sour taste, which is scarcely 
sensible when the acid is dilute. It is soluble in water and 
alcohol. Liactic acid dissolves the phosphate of lime, a property 
which som^ acids, particularly the acetic, do not possess ; it 
coagulates milk when warmed. When heated to 482^ (250* 
cent.), it undergoes a decomposition, water and several other 
secondary products appearing, but the principal product being 
a white crystaUine sublimate, of which the composition is 
CoHfi^; that is, anhydrous lactic acid minus I atom of 
Water. 

This new acid may be purified by dissolving the sublimate in 
boiling alcohol, from which it precipitates on cooling, in the 
form of rhomboidal tables, of a brilliant whiteness, which have 
a weak sour taste, are fusible at 224.6® (107* cent.), and sublime 
at 482* without alteration. These crystals are very slowly 
soluble in cold water, but dissolve easily in boiling water ; the 
acid then assumes 2 atoms of water and returns to the condition 
of hydrated lactic acid. 

In the lactates, the single atom of basic water only of the for- 
mula is replaced by a metallic oxide ; no acid lactates are known, 
but some basic salts of zinc and the magnesian metals appear to 
exist, which have not been studied. They are all soluble in 
water; lactate of zinc is the most sparingly soluble. 

Lactates. — No lactate of oxide of ethyl has been formed. 
The lactates of potash, soda and ammonia are deliquescent, and 
do not affect a regular form. The lactate of barytes is similar. 
Lactate of /ime exists to the extent of 2 or 3 per cent in nux 
vomica. It crystallizes in colourless needles radiating from a 
centre, which contain 5 atoms of water of crystallization. Lac- 
tate of zinc is crystallized by the cooling of a boiling solution. 
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in four-sided prisms^ terminated by summits truncated obliquely; 
they contain 3 atoms of water. Alcohol produces in the aque- 
ous solution a white precipitate of a basic salt, which dissolves 
in water and crystaHizes; it appears to contain 3 atoms of 
oxide of zinc. Lactate of magnesia crystallizes in small plates, 
containing 3 atoms of water ; it dissolves in 30 parts of cold 
water. The lactates of alumina^ nickel, lead and mercury are 
very soluble in water^ and do not crystallize in a regular 
form. ]LACtates of protoxide of iron, FeO,L+3HO, oi oxide of 
copper, CuO,L+2HO, KdAoi silver are crystallizable. 

Lactaie of urea was discovered by MM. Cap and Henry in 
urine. It may be formed artificially by the double decompo- 
sition of lactate of lime and oxalate of urea, the oxalate of lime 
being separated by a filter, and the liquid evaporated by a gentle 
heat. The evftporation is terminated in vacuo near concentrated 
sulphuric acid. Lactate of urea crystallizes in colourless hexago- 
nal needles, of a sharp and cooling taste, which are deliquescent. 
At a moderate heat it enters into fusion, and sublimes without 
alteration. Lactate of urea differs from the oxalate and nitrate 
of urea in not containing 1 atom of water of combination which 
these possess. 

SECTION X. 

OIL OF GRAIN- SPIRrrS OR FOUSEL OIL, AND BODIES DERIVED 

FROM IT. 

AMYL SERIES OF COMPOUNDS. 

Jmyly Cio Hii= Ayl ; the hypothetical radical of a series of 
compounds, of which the hydrate of the oxide has long beeii 
known as fousel oil, or as the oil of grain-spirits or potatoes^ 
as it is produced in the fermentation of unmalted grain 
and potatoes, along with alcohol, and distils over with the 
latter. It has been studied very fully by M. Cahours (An. 
de Chim. &c. Ixx. 81, and Ixxv. 193). There is every rea- 
son for considering this body as an alcohol, the most striking 
analogy existing between oil of potatoes and ordinary alcohol. 
This will be made sufficiently evident by the following table, in 
which the corresponding compounds of the ethylic and amilic 
series are compared : 
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HYDRATE OF OXIDE OF AMYL, OIL OF POTATOES, AND OF 

GRAIN SPIRITS. 

Syn. Fonsel oUy amUic alcohol^ bikydrate of amylene ; C^qHi jO^ 
HO (Dumas). 

In distilling tbe fermented wash of grain or potato spirits, a 
milky liquid comes over towards the end of the process, and an oil 
sabsides after a time, which is hydrate of oxide of amyl, mixed 
with nearly an equal quantity of alcohol and water. To purify the 
cmde product, it is agitated with water several times, left in 
contact with chloride of calcium for some time, and distilled 
again. The alcohol and water come off first, and the boiling 
point of the liquid rises to 269^6 (1S2® oentig.), when the re- 
ceiver shofild be changed, as what then passes over is perfectly 
pure. 

Hydrate of oxide of amyl is a colourless, limpid, oily liquid, 
of whic^ the odour, at first agreeable, soon becomes rank and 
nauseous. The inspiration of its vapour occasions spasmodic 
pains in die chest, with coughing and even vomiting. It bums 
with a Uuish white fiame. Its taste is very acrid. It stains 
paper, but the stain disappears after a time. The density of 
this liquid is 0.8124 at 59®; its boiling point 269^.6; the density 
of its vapour 3147, of which the combining measure contains 
4 volumes; it freesses at — 2 or —-4^ in crystalline leaflets. 
Water dissolves a small quantity of it so as to acquire the odour 
of the oil; it is miscible in all proportions with acetic acid, 
alcohol, «ther, the fiit and essential oils. It may be mixed also 
with solutions of caustic potash and soda ; when heated with 
hydrate of potash, hydrogen gas is given off, and the valerate of 
potash formed. When distilled with anhydrous phosphoric 
acid, it yields a liquid hydrocarbon, to which Cahours has given 
the name of amUene. 

Hydrate of oxide of amyl unites directly with bichloride of 
tin, according to Oerhardt, and forms a crystalline compound, 
which is decomposed by water. 

Chloride of amyly C,4Hii,Cl = Ayl CI. This compound is 
obtained by distilling equal parts of oil of potatoes and perchlo- 
ride of phosphorus. In a state of purity, it is a colourless 
liquid, of a pretty agreeable odour, insoluble in water, boiling 
about 215^.6 (102® centig.), perfectly neutral to test-paper, and 
having no action upon a solution of nitrate of silver. 
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Chlorinated chloride of amyly CiQ Q^^ CL This substance is 

the ultimate product of the action of chlorine gas upon the oil in 
a bottle exposed to the sun, and is formed by the substitution of 
8 atoms of chlorine for 8 atoms of hydrogen. It is a colourless 
hquid, of a strong odour, suggesting that of camphor. 

Bromide and iodide of atngl were also formed by Cahours. 
Caustic alkalies dissolved in water attack them with difficulty, 
but the same bodies dissolved in alcohol decompose these ethers 
with much facility. The iodide of amyl is produced by distilling 
at a gentie heat, a mixture of 8 parts of iodine, 15 parts of 
hydrate of oxide of amyl, and I part of phosphorus. The 
density of its vapour is 66/5, and combining measure 4 
volumes. 

Add sulphate of oande ofamyl^ sulphoamilic add, is formed when 
the barytes of the following salt is exactly precipitated by dilute 
sulphuric acid ; it may be evaporated to a syrupy consi%f;ence in 
air or in vacuo, and is sometimes obtuned in the form of very 
fine needles. Its solution is decomposed by heat. When 
neutralised with bases, it forms a class of salts, the sulphoami* 
lates, which are all soluble in water. 

Sulphate of oixde of amyl and barytes, BaO. AylO, 8^5+ 
3 HO. This salt is prepared by mixing equal parts of concen- 
trated sulphuric acid and hydrate of oxide of amyl, and neu- 
tralising with carbonate of barytes ; sulphate of barytes precipi- 
tates, while sulphate of barytes and oxide of amyl remains in 
solution, and may be crystallized by evaporation after being 
purified by animal charcoal. It forms pearly crystalline leaflets, 
which are very soluble in water and in alcohol, but scarcely 
dissolve in ether. The crystals contain 3 atoms of water ; when 
dried at 212^ they retain only 2 atoms; the dry salt is deeom-^ 
- posed at 392*^ (200^ centig.) Its solution is decomposed by 
boiling, with escape of hydrate of oxide of amyl. 

Sulphate of owide of amyl (md potash forms colourless needles 
or plates, grouped about a common centre, is very soluble in 
water and alcohol, and has a very bitter taste. 

Sulphate of oxide of amyl and lead crystallizes with 2 atoms 
of water. Its solution is decomposed by ebullition, like that 
of the salt of barytes. The salt of lime is similar in compo* 
sition. 
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Acetate of oxide of afnyl, CioH,iO,C4H303=:AylO,Ac03. 
It is produced by distilling a mixture of 2 parts of aceftate of 
potash^ 1 part of hydrate of oxide of amyl, and 1 part of con- 
centrated sulphuric acid. It is a colourless liquid^ of an aro- 
matic and ethereal odour, lighter than water, boiling about 25 J^^ ; 
insoluble in water, but soluble in alcohol, ether, oil of potatoes^ 
etc Placed in^ contact with an aqueous solution of potash, it is( 
altered very slowly ; an alcohoUc solution of the same base, on 
the contrary, alters it rapidly, an alkaline acetate is produced, 
and the oil is regenerated. The density of its vapour is 4475, 
and combining measure 4 volumes. 

H 

Chlorinated acetate of osAde of amyU C^q ^^ O + C4 H3 O3. 

This compound is formed when the acetate is saturated 
with chlorine gas at a temperature increasing to 212^. It is a^ 
colourless neutral liquid, insoluble in water \ and corresponds 
in composition with the chlorinated acetic ether of Malaguti. 
It is a liquid body, which becomes yellow, and is altered by a 
heat above 302°. When exposed again to chlorine gas in sun- 
shine, this liquid absorbs the gas, and a crystalline product is 
formed containing more chlorine, but which has not been 
analysed. 

Valeric or valerianic acidy HOjCjoHgOg. Oil of potatoes 
becomes acid when kept in contact with air. M. Cabours 
has observed, that if platinum black be heated, and the oil be 
allowed to fall upon it drop by drop in no greater quantity than 
is imbibed, oxidation occurs, and an acid liqidd volatilises, 
which has all the properties of valerianic acid, the acid obtained 
by distillation of the root of valerian {Valeriana officinalis) with 
water. Two atoms of hydrogen in the oil are replaced by 2 
atoms of oxygen. Oil of potatoes corresponds in this respect with 
alcohol and wood-spirit, which are converted in similar circum- 
stances, by the substitution of 2 atoms of oxygen for 2 atoms 
of hydrogen, into peculiar acids, the acetic and formic acids. 
But valerianic acid was first obtained from the oil by MM. Du- 
mas and Stass, by distilling it with hydrate of potash. One 
part of the oil was covered in a retort by about 10 parts of a 
mixture of equal parts of hydrate of potash and quicklime ; and 
distilled by a metallic bath at about 392*' (200^ centig.) ; hydrogen^ 
gas comes over, and valerate of potash is formed. The mass is 
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neutralised by a slight excess of sulphiiric acid, and distilled to 
separate the valeric acid. At the same time, a portion of hy- 
drate of oxide of amyl comes over, accompanied by a liquid 
having the composition of a valeric aldehyde. 

Obtained from pure valerate of soda, mixed with a slight 
excess of phosphoric acid, valeric acid is a colourless oU, lighter 
than water, and possessed of a persistent and characteristic 
odour which recals that of the root of valerian, with a sharp 
and acid taste. The protohydrate produces a white spot on the 
tongue; its density is 0.937 at 61^.7 (IB^.S centig.); it boils 
without change at about 347^ ( 1 7^^ centig.) ; it remains liquid at 
5^. It inflames easily, and bums with a white and smoky 
flame. The density of the vapour of this hydrate is 3660 by 
experiment, 3550 by theory ; its combining measure 4 volumes, 
in which respect it differs from acetic acid. Valeric acid, 
agrees, however, with that acid in forming a terhydrate, the 
condition in which valeric acid is always obtained when separated 
from its salts dissolved in water. Placed in contact with water, 
valeric acid dissolves a certain quantity of it ; the water on its 
part dissolves the acid considerably. 

Fa/^a/e^.— These salts are in general soluble in water. The 
valerates of potash and barytes are not crystallizable. The 
valerate of silver is a heavy crystalline powder, of sparing solu- 
bility, which might be confounded, from its appearance, with 
the fulminate of the same metal. 

MM. Dumas and Stass formed two acids by the action of 

H 

chlorine upon valeric SLcid, chlorovalerisic acid^ Cjq p,^ O3 + HO, 

in which 3 atoms of hydrogen are replaced by 3 atoms of 

XT 

chlorine, and chlorovalerosic acid, Cjq q.® O3 + HO, in which 4 

atoms of hydrogen are replaced by 4 atoms of chlorine. — (An. 
de Chim. Ixxiii, 136.) 

Amileney CigHjo; a liquid hydrocarbon, obtained by distilling 
hydrate of oxide of amyl repeatedly with anhydrous phosphoric 
acid. It is colourless, possesses a peculiar aromatic odour, is 
lighter than water, and contains no oxygen. It boils at 320^; 
the density of its vapour is 5061 by experiment, and 4902 by 
calculation, its combining measure 2 volumes. 



CENANTHIC ETHER. 817 

SECTION XI. 

ETHEREAL OIL OF WINES. 

The characteristic odour of wine by which it is distinguished 
from dilute alcohol^ is due to a particular substance, possessing 
the properties of an essential oil. This is common to all wines, 
and is not to be confounded with the principle which is gene- 
rally termed the flower, aroma or bouquet of individual wines, 
which is not volatile, and appears to be different in diverse 
kinds of wine and to be altogether wanting in many kinds. 

This oil is .less volatile than alcohol, and a small quantity of 
it is found in the still after the distillation of a large quantity of 
wine. The same oily liquid is also obtained on distilling the 
lees of wine, especially what is deposited at the bottom of the 
tun after the fermentation has begun. It constitutes about 
Tv^vT part of wines. This oil belongs to the class of compound 
ethers, and contains a new acid, which has been named cenan" 
ihk acid^ in combination with ether ; the oil, therefore falls to 
be named oenanthic ether. 

(Enanthic ether, C4H50,Ci4Hi302- The crude ether con- 
tains a variable quantity of free acid in a state of mixture ; 
being more volatile than the acid, the oil may be separated from 
it by a simple distillation, collecting only the first fourth of the 
product. To obtain it perfectly pure, it is preferable to agitate 
the oil frequently with a hot solution of carbonate of soda, which 
dissolves the free acid without altering the ether. The small 
quantity of water and alcohol it retains may be withdrawn from 
it by digestion with chloride of calcium. 

The ether purified in this manner, is very fluid, colourless 
with the odour of wine extremely strong, and almost intoxicating 
when closely inspired. Its taste is very strong and disa- 
greeable. It dissolves easily in ether and in alcohol, even 
when the latter is pretty dilute ; water does not sensibly dis- 
solve it. Its density is 0.862, its volatility very feeble; it boils 
between 437 and 446"" (225 and 230'' centig.) ; the density of 
its vapour is by experiment 10508, by calculation 10476.9, its 
combining measure 2 volumes. (Enanthic ether is instantly 

* From oivog wine, aod avOos flower. 

2 H H 
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decomposed by caustic alkalies, but is not yensibly affected by 
alkaline carbonates^ nor by ammonia. When boiled with 
caustic potashy it disappears in a few seconds, a considerable 
quantity of alcohol distils over, and the liquor contains a com- 
pound of oenanthic acid and potash, which is very soluble in 
water. 

(Enanihic acid, KOyCj^H^sOj. When separated from its 
alkaline combinations, well washed with hot water and dried, 
this acid, at 55^.7} is of the consistence of butter and perfectly 
white, but at a higher temperature it melts and forms a colour- 
less oil, without taste or odour, which reddens litmus, dissolves 
easily in caustic alkalies and in alkaline carbonates. It dissolves 
easily in alcohol and ether. This acid, like all the fatty acids, 
forms two series of salts, one acid in composition, without^ 
however, manifesting a sensible acid re-action, the other neutral 
in composition, which exhibits a well-marked alkaline re- 
action. 

Hydrated oenanthic acid submitted to distillation abandons 
its water, and becomes anhydrous, C^^H^jOs, water and a little 
of the hydrated acid distilling over. The boiling point of the 
anhydrous acid is more elevated than that of the hydrated acid, 
as also is the point of fusion of the former j fiised anhydrous 
oenanthic acid becoming solid about 87®.8 (31® centig.) 

CEnanthic ether may be reproduced by means of the isolated 
oenanthic acid. When 5 parts of sulphovinate of potash are 
' heated with 1 part of hydrated oenanthic acid, the mixture 
fuses ; and if it is heated to 302® (150® centig.), an oily liquid is 
seen to form on its surface, which is a mixture of oenanthic 
ether and oenanthic acid still free. If this oily layer be sepa- 
rated and heated with a solution of carbonate of soda, the free 
acid is dissolved and the ether remains in a state of purity. 



CHAPTER III. 

PRODUCTS OF THE DRY DISTILLATION OF WOOD. 

The principal products of the destructive distillation of wood 
at a red heat, are the charcoal which remains in the retort, 
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ffoeom compoiftids of carbon, a Trotery fluid containing acetic 
acid^ and a black odorous oily mass, known as tar. The two 
last products -are highly variable mixtures of a great many sub- 
stanceS) of which the one that demands our first attention is 
pyroxylic sfixit, or wood spirit* 

SECTION I. 

METHYL SERIES OF COMPOUNDS. 

Formula of methyl, 0,113= Me. 

A volatile combustible spirit, soluble in water, was first ob- 
tained firom the dry distillation of wood by Mr. P. Taylor. 
The composition and chemical nature of this spirit and of the 
compounds it forms^ with their extraordinary parallelism to 
alcohol and the compounds derived from alcohol, were ascer- 
tained by MM. Dumas and Peligot, and published in their 
important memoir on wood-spirit (An. de Ch. Iviii, 5). Wood- 
spirit is the alcohol of a particular series of compounds, being 
the bydrated oxide of a new radical methyl, which resembles 
ethyl perfectly in its functions, but difiers in its composition, 
containing 2 atoms less of carbon and 2 atoms less of hydrogen. 
The oxide of methyl is a base like the oxide of ethyl or ether, 
and f(»ins acid and neutral salts like the latter. By the abstrac- 
tion of 2 atoms of hydrogen from methyl, another radical for- 
myl is produced^ as acetyl is derived from ethyl, and having an 
add oxide formic acid, corresponding with acetic acid. Methyl 
has not been isolated. 

OXIDE OF METHYL. 

Formula C^HgOteMeO. 

Syn. MethyUc ether. — ^This compound is prepared by dis- 
tiffing wood spirit with 4 parts of sulphuric acid, and trans- 
mitting the gas which comes over first through a bottle contain- 
ing milk of lime and afterwards through several bottles filled 
with pure water. The latter dissolves the oxide of ethyl ; the 
gas is evolved oji boiling its solution, and must be collected over 
mercury. Oxide of methyl is a colourless gas of an agreeable 
ethereal odour, not liquified by a cold of+S®.2 ( — 16® cent), 

2 H H 2 



820 J METHYL. 

and combustible; water dissolves 37 Tolames of tiiis gas, alcohol, 
hydrate of oxide of methyl and concentrated sulphuric acid 
much larger proportions. It separates from the latter, on dilu- 
tion with water ; the density of the gas is by experiment 1605, 
by calculation 1570, and its combining measure 2 volumes. 

Oxide of methyl combines directly with the vapour of anhy- 
drous sulphuric acid, in a glass balloon carefully cooled, and 
forms the neutral sulphate of oxide of methyl (Renault). 



HYDRATE OF OXIDE OF METHYL, OR WOOD SPIRFT, 

Formula, C2H3O + HO=MeO + HO. 

Syn. Pyroxylic spirit. — In the process of purifying the 

vinegar from wood, the crude acid is saturated with lime and 

concentrated by evaporation. The first portion of liquid which 

distils over contains the wood spirit, which is concentrated by 

repeated rectification. The wood spirit or pyroxylic spirit of 

commerce is a heterogeneous mixture, containing besides the 

hydrate of oxide of methyl which forms the larger part of it, 

acetone and several other combustible liquids. To purify the 

wood spirit it is poured over an excess of chloride of calcium 

in a retort, and distilled by a water-bath heat, which expels 

acetone and other liquids and leaves the wood spirit united with 

the chloride of calcium. A measure of water equal to the 

original volume of the wood spirit is then added to the retort, 

and the distillation continued; the latter liquid comes over 

diluted with a small quantity of water, firom which it may be 

separated and obtained anhydrous by another distillation from 

quicklime. 

Wood spirit is a volatile colourless liquid, of an alcoholic 

but at the same time empyreumatic smell and taste. It is very 
inflammable and bums with a pale flame like alcohol. It is 
neutral, mixes when pure with water, without becoming turbid, 
and is also miscible with alcohol and ether. Its density is 
0.798 at eS"" ; it boils at 140"* according to Kane, and at 151^7 
(66*^.5 cent.) according to Dumas. The density of its vapour is 
by experiment 1120, by calculation 1110; its combining mea- 
sure 4 volumes. 

Hydrate of oxide of methyl dissolves, with the aid of heat, 
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small portaoris of Btdphur and phosphorus ; it dissolves also 
many resins, and is used in making spirit varnishes, and 
mixes with most volatile oils ;'its solvent power is indeed very 
similar to that of alcohol. Wood spirit is acted upon by 
chlorine, peroxide of manganese and sulphuric acid and by other 
oxidating agents, like alcohol, yielding analogous products. It 
is also decomposed by potassium, with disengagement of pure 
hydrc^n. 

Anhydrous baryte$ is dissolved by pure wood spirit with 
evolution of much heat, although not dissolved by alcohol, and 
B compound formed MeO,HO + BaO, whiqh crystallizes in 
needles of a silky lustre. Wood spirit likewise dissolves 
lime. 

Chloride of calcium dissolves in wood spirit and crystallizes 
from a strong solution in large hexagonal tables, which deliquesce 
in air ; they contain 2 atoms of hydrate of oxide of methyl 
united with 1 atom of chloride of calcium. Dr. Kane recom* 
mends the decomposition of this salt by heat as the best source 
of pure wood spirit. 

Chloride of metkylj C2H3,C1 = MeCl. — ^This compound is 
produced by the reaction of hydrochloric acid and hydrate of 
oxide of methyl upon each other : 

MeO + HO and ClH=MeCl and 2HO. 

But it is best obtained, as are all the halogen compounds of 
methyl, by distilling neutral sulphate of oxide of methyl with a 
metaUic salt of the proper salt radical, or better a mixture of sul* 
phuric acid, hydrate of oxide of methyl and the metallic salt. The 
salt used in the present case is chloride of sodium. Chloride of 
methyl is a colourless gas of an ethereal odour and sweet taste, of 
which the density is 1737.8 by experiment, and 1729 by calcula- 
tion ; the combining measure is 4 volumes. Water^dissolves 2.8 
volumes of this gas at 60^8 (16° centig.) ; it is not liquified by a 
cold of — 0.4* ( — 18® centig.) It will be remarked that the 
chloride and oxide of methyl are both considerably more volatile 
than the chloride and oxide of ethyl. 

Iodide of methyl^ Mel ; a colourless liquid, which burns with 
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difficnlly, boiling between 104"* and 122*; its density in 2.237 at 
69.8« (21* centig.) 

Fluoride of methyl^ MeF ; obtained by diatiUing sulphate of 
oxide of methyl with fluoride of potassium ; a colourless gas, of 
which the density is 1186 ; water dissolves 1.5 volumes of it. 

Cyanide of methyl, MeCy ; an ethereal liquid, insoluble in 
water. 

Sulphuret of methyl, MeS ; a very limpid liquid of which the 
odour is extremely disagreeable. Its density is 0.845 at 69^8, 
and its boiling point 105^8 (41* centig.) The density of its 
vapour is by experiment 2115, by theory 2158; its combining 
measure 2 volumes. Sulphuret of methyl is formed, when 
chloride of methyl is transmitted through an alcoholic solution 
of protosulphuret of potassium, by double decomposition. 

Sulphydrate of sulphuret of methyl or methyUe mercaptan is 
obtained as a colourless liquid, lighter than water, which boils 
at 69^.8 and acts upon oxides of mercury and lead like sulpb* 
hydrate of sulphuret of ethyl (Gregory). 

OXYGEN SALTS OF METHYL. 

The salts of oxide of methyl correspond so dosely with those 
of ethyl that knowing the history of one class it is easy to 
predict the properties of the other. Anhydrous metallic oxides 
do not alter them, while the hydrated alkalies disengage hydrate 
of oxide of methyl from them with great facility. 

Neutral sulphate of oside of methyl, MeO, SO,. — ^This membar 
of the methyl series, which has no analogue in the ethyl series^ 
is formed when oxide of methyl and anhydrous sulphuric acid 
are brought into contact. It constantly appears also when 
hydrate of oxide of methyl is distilled with sulphuric acid, and 
in larger quantity the greater the proportion of sulphuric add 
employed. To prepare sulphate of methyl it is convenient to 
distil 1 part of hydrate of oxide of methyl with 8 or 10 parts 
of sulphuric acid. When purified by washing with water, and 
two successive distillations with chloride of calcium and quick-* | 

lime, sulphate of methyl is a colourless liquid of an alliaceous 
odour, of density 1.324 at 71^6 (22'' centig.), which boils at 
370^.4 (188® centig.), and may be distilled without change. The 
density of its vapour is 4363.4 ; it is composed of equal volumes 
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of anhydrous sulphuric acid and oxide of methyl condensed into 
one Yolumey so diat its comlnning measure is the same as that 
of oxide of methyl or 4 Yolumes. It is decomposed very slowly 
by cold water, bat rapidly by hot water^ the add sulphate of 
oxide of methyl and water being formed and oxide of methyl 
liberated. This compound may be employed in preparing all 
the other compounds of methyl, which are derived from it by 
double decomposition. 

Acid sulphate of aaide qf methyl, bindphate of oxide of methyl, 
m^homethyUe acid ; HO. MeO + S^Og.— This compound, dis- 
covered at the same time by MM. Dumas and Peligot and by Dr. 
Kane, is formed when concentrated sulphuric add is mixed with 
hydrate of oxide of methyl, and also on dissolving the neutral 
sulphate in 1)oiling water. Obtained by the last method and 
concentrated by evaporation it is a colourless, syrupy, very acid 
liquid which in dry air becomes a mass of white crystalline 
needles. It combines with bases forming double salts, in which 
the basic water of the add is replaced by a metallic oxide. All 
these salts are soluble in water. The double salt of vceide of 
ammonium and oxide of ethyl has not yet been obtained. 

Sulphate of oxide of methyl and potash, MeO.KO,S20<}+ HO 
crystallizes in rhomboidal tables, which have the lustre of 
mother of pearl and deliquesce in damp air. Dr. Gregory has 
obtained two double salts by dissolving the present salt in a satu- 
rated solution of ferrocyanide of potassium, and evaporating ; 
the first which crystallizes yeUow and insoluble in alcohol, is 
a compound of ferrocyanide of potassium and ferrocyanide 
of methyl; the second a white salt soluble in alcohol is a 
compound of sulphate of oxide of methyl and potash, bisuU 
phate of potash and cyanide of methyL 

Sulphate qf oxide of methyl and barytes, MeO.KO,S20g -f 
2HO ; is prepared by mixing equal parts of concentrated sul- 
phuric add and hydrate of oxide of methyl, and heating the 
mixture to its boiling point. After cooling, the liquid is diluted 
and saturated first with carbonate of barytes and afterwards 
with hydrate <^ barytes ; the excess of the latter is removed by 
a stream of carbonic acid gas, and the liquid evaporated to its 
crystallizing point by a gentle heat. The salt crystallizes in 
colourless tables of a square base or in thin transparent plates^ 
which effloresce in air and may be made anhydrous in vacuo. 

Sulphate qf oxide of methyl and lead, PbO.MeO,S<|Oe + HO, 
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is deliquescent. It has likewise been obtained with 2 atoms of 
water of crystallization and the same form as the preceding salt 
of barytes (Kane). 

Nitrate qf oxide of methyl, MeO, NO5.— The action of nitric 
acid upon wood spirit is different and much less violent than 
the action of the same acid upon alcohol. No nitrate of oxide 
of ethyl is formed, indeed such a compound do^s not appear 
to exist, while the nitrate of oxide of methyl is very easily 
obtained. One part of nitrate of potash and a mixture of 2 
parts of concentrated sulphuric acid with I part of wood spirit 
are introduced into a retort ; the mass rises greatly in tempera- 
ture, and the product distils over without the necessity for 
applying artificial heat ; it must be received in a very cold con- 
denser. The heavier of the two liquids foimd in the receiver is 
nitrate of oxide of methyl contaminated with a portion of a very 
volatile compound supposed to be formiate of oxide of methyl^ 
which communicates to the former the odour of hydrocyanic 
acid. The product is rectified from chloride of csJcium and 
from lithaige ; the last portions which distil over are perfectly 
pure. Nitrate of oxide of methyl is a colourless liquid of a 
weak ethereal odour, which inflames with faciUty and burns with 
a yellow flame; its density is 1.822 at 71^6 (22^ centig.), and 
boiling point 150^.8 (66*^ centig.) Its vapour heated above 
248® is decomposed with a violent detonation^ producing car- 
bonic acid, water and deutoxide of nitrogen. This ether is 
soluble in water, and miscible in all proportions with alcohol, 
ether and wood spirit. 

Neutral carbonate of oxide of tnetkyl is unknown; the 
double carbonates which it forms with alkaline carbonates were 
prepared in the same manner as the corresponding double salts 
of ethyl. 

Oxalate of oxide of methyl, MeO^C^O,, is a white solid trans- 
parent and brilliant mass composed of rhomboidal tables ; it 
fuses at 123^8 (5 1"" centig.), and boils about ^21^8 (16r centig.) 
It is decomposed by water and resolved into hydrated oxalic 
acid and wood spirit. Acid oxalate of oxide of methyl has not 
yet been obtained. 

Oxalate of oxide of methyl and oxamide or oxamethylane is 
formed when oxalate of oxide of methyl is exposed to dry am- 
monia. 

. Sulphocarbonateof oxide of methyl and potashy KO.l/LfXyjC^^. 
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ofosBide of methyl, S MeO,Cy0O0+6HO, (Ri- 
diardsoii). 

Benzoate of oxide of methyl, CjH30,Ci4H503=MeO,BzO. 

Acetate of owide of methyl, C2H30,C4H303=MeO,Ac03. 

Mueate of oxide of methyl, 2C^YljQ,C^^li^J0^=:2llLtO'\- 
Mu, (Malaguti). 

COMPOUNDS OF OXIDE OF METHYL OF AN UNCERTAIN 

CONSTITUTION. 

Oxichlorocarbonate of owide of methyl, C4H3CIO4 ; considered 
by MM. Dumas and Peligot as a compound of oxide of methyl, 
and a particular acid, and represented by the formula : 

CaHjO+CjQi. 

Urethylane, a body corresponding with urethand" and formed 
in similar circumstances. 

Sulphate of oxide of methyl and sulphamide, or sidphamethy- 
lane, C^Hfi, SO3+NH3, SOj, 

PRODUCTS OF THE DECOMPOSITION OF BfETHYL AND 

rrS DERIVATIVES. 

A compound belonging to the methyl series was obtained by 
MM. Dumas and Peligot, which appears to correspond with 
isethionic acid, by bringing anhydrous sulphuric acid in contact 
with hydrate of oxide of methyl, observing to keep the mixture 
cool. Its salt of barytes is crystallizable and has the same 
composition as sulphate of oxide of methyl and barytes, but 
does not agree with the latter in its chemical properties, and is 
evidently a different substance. 

Under the influence of air, hydrate of oxide of methyl in 
contact with platinum black undergoes oxidation, and forms an 
acid, which is found to be pure formic acid. In this conversion, 
2 atoms of hydrogen combine with oxygen and form water, and 
2 atoms of oxygen are absorbed at the same time, and combine 
with the remaining elements of the methyl, exactly as in the 
conversion of alcohol into acetic acid : 

C2H3O + HO and40=C3H03+3HO. 
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Formic acid therefore contains a radical, which is named 
formyl, and to which it has the same relation as acetic acid has 
to acetyl : 

Acetic acid* • • • C4H3+03. 
Formic acid. . . CjH 4-O3. 

Formyl therefore differs from methyl in containing 2 atoms 
less of hydrogen, and as ethyl may be viewed as a compound of 
acetyl + 2 atoms of hydrogen^ so methyl maybe viewed as a 
compound of formyl + 2 atoms of hydrogen. 

SECTION II. 

FORMYL SERIES OF COMPOUNDS. 

Formyl, C2H=Fo. 

The series of formyl is less numerous than that of aoetyL 
The compounds of the former corresponding to . aldehyde and 
aldehydic acid are deficient, formic acid being the only known 
oxide of formyl. 

The following are the derivatives of formyl : 

C2HO Oxide of formyl (unknown). 

C2HO + HO. . . Substance contained in formomethylal. 

C2HO3. . • • Anhydrous formic acid. 

C2HO3 + HO. . Hydrated formic acid. 

C2HCI3. . . . Perchloride of formyl (chloroform). 

C2HBr3. . • . Perbromide of formyl. 

C2HI3 Periodide of formyl. 

COMPOUND OF HYDRATE OF OXIDE OF FORMYL WITH OXIDE OF 

METHYL, OR METHYLAL. 

Syn. Formomethylal (Kane) CgHgO^ (Malaguti). 

By distilling 2 parts of wood spirit with 3 parts of sulphuric 
acid diluted with 3 parts of water, and 2 parts of peroxide of 
manganese, Dr. Kane obtained a substance mixed with several 
other bodies, which he named formomethylal. It was con- 
sidered a tribasic formiate of oxide of methyl, but was after- 
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wards shown by Malaguti, to be a mixture of fbrmiate of oxide 
of methyl and a particular substance which he named methylal. 
To purify the methylal from formiate of oxide of methyl^ the 
latter must be decomposed entirely by hydrate of potash. 

Methylal is an ethereal colourless liquid of a very agreeable 
aromatic odour ; it is miscible with 3 parts of water, and may 
be separated from that Uquid by chloride of calcium or hydrate 
of potash. It is very inflammable, and bums with a white 
flame. The density of methylal is 0.8551 ; its boiling point 
107«^ (42^ oentig.) ; its combining measure contains 4 to* 
lumes. Methylal may be represented as a compound of 1 atom 
of hydrate of oxide of fbrmyl with 2 atoms of oxide of methyl 
=C2HO, HO+2C3H3O. M. Renault has explained its for- 
mation by supposing that 3 atoms of oxide of methyl, formed 
by the action of sulphuric add upon hydrate of oxide of methyl, 
group together so as to form a single molecule^CgHgOj ; the 
last exposed to the oxidating action of peroxide of manganese 
loses I atom of hydrogen, which is replaced by 1 atom of 
oxygen, and consequently the compound CgH304 is produced. 
The formation of acetal which corresponds with methylal in the 
acetyl series is explained by Regnault in the same manner. 

FORMIC ACID. 

Formula HO + CaHOi^HCFoOg.— The relation of this 
acid to wood spirit has already been explained. It was dis- 
tinguished as a particular acid by Gehlen, who found it in red 
ants (formica rufa) ; and was first formed artificially by 
Doebereiner, by distilling tartaric acid with sulphuric acid and 
peroxide of manganese. All other vegetable substance when 
oxidised in the same manner, or by distillation with nitric acid, 
hyperiodic, iodic and hypermanganic acids, or with a mixture 
of chromic and sulphuric acids, yield formic acid, carbonic acid 
and occasion^y some acetic acid. 

' To obtain the protohydrate in a state of purity, formiate of 
lead well pulverised contained in along glass tube is decomposed 
by a current of dry sulphuretted hydrogen gas ; and the dis« 
engaged formic add afterwards distilled over by the application 
of a gentle heat. This hydrate is a colourless liquid^ slightly 
fumiAg and possessing a pungent and peculiar odour. It 
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crystallizes below 32** in brilliant plates ; it boils at 212'; its 
density is 1.2353. The vapour of the boiling acid is inflam- 
mable and burns with a blue flame; this hydrate combines 
with a second atom of water forming a definite compound of 
which the boiling point is 222.8® (106® centig.), which does not 
freeze at 5®, and of which the density is only 1.1104 at 59®. 
Both of these hydrates are highly corrosive. 

To prepare the dilute acid, a capacious glass retort or copper 
still is employed, of which the capacity must be at least 10 times 
greater than the volume of the materials to be employed, namely 
1 part of starch, 4 parts of peroxide of manganese, 4 parts 
of water, and 4 parts of sulphuric acid. The materials with- 
out the add are first introduced into the retort and heated 
to 104® (40®centig.), and then the sulphuric acid is added by 
small portions. A violent effiervescence with swelling up of 
the materials occurs, firom the disengagement of carbonic acid 
gas ; when this ceases and all the acid is added, the capital is 
applied to the still, and the distillation continued, for which a 
heat a few degrees above' 212® is sufficuent, till 4| parts of the 
liquid are fomid in the receiver. The product is a dilute acid, 
of which the density is about 1.025; the last portions often 
contain sulphurous acid, and the product has always an aro- 
matic odour firom the presence of a small quantity of a volatile 
oil formed in the process. The nature of the decomposition 
which yields formic add has not been exactiy traced. To 
purify the crude formic acid it is neutralised by milk of lime, 
which forms an insoluble compound with sulphurous add ; the 
excess of lime is predpitated by a stream of carbonic add and 
the formiate of lime evaporated to dryness. By distilling 
10 parts of formiate of lime with 8 parts of oil of vitriol diluted 
with 4 parts of water, 9 parts of a pure add are obtained of 
specific gravity 1.075. 

Formic add is entirely decomposed by an excess of sul- 
phuric acid, without being charred, being resolved into carbonic 
oxide which comes off with lively effervescence, and water 
which remains in combination with the sulphuric acid. The 
add in question may easily be recognised by that property and 
also by its action upon the oxides of silver and mercury. When, 
heated upon these oxides formic acid is completely destroyed, 
producing carbonic acid gas which is disengaged, water and 
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metallic silver or mercury, without leaving the smallest trace 
of a salt of silver or mercury in the liquor. When the formic 
add contains acetic acid, acetate of suboxide of mercury re- 
mains in solution. Heated with a solution of corrosive sub- 
limate, formic acid reduces the latter to the condition of calomel, 
disengaging hydrochloric and carbonic acids ; upon the salts of 
oxides of mercury and silver, formic acid has the same action as 
upon th^ oxides themselves. Metallic peroxides are reduced 
by it with the aid of heat to the state of protoxides, which 
combine with formic acid, while carbonic acid gas is dis- 
engaged. 

Fomdaies. — Formic acid is more powerful than acetic acid ; 
the salts of both acids are all soluble in water. Formiate of 
soda is not soluble in alcohol like acetate of soda ; the formiates 
comport themselves like the free acid, with sulphuric acid; they 
also when heated in excess with solutions of salts of silver, 
mercury, platinum or chloride of gold, precipitate these metals, 
producing a brisk effervescence. The salts of peroxide of iron 
are coloured deep orange by a formiate. 

Formiate oflxmmama^ NH4O, F0O3, crystallizes in square 
four-sided prisms ; it is very soluble in water. This salt con- 
tains the elements of 1 atom of hydrocyanic acid and 4 atoms 
of water : 

NH4O, C2H03=H, NCa and 4HO. 

It is accordingly converted into these two products when its 
vapour is carried through a tube at a red heat. 

Formiate of oxide of ethyl, formic ether, EOjFoOa. — This 
ether is obtained by distilling 7 parts of dry formiate of soda 
with a mixture of 10 parts of sulphuric acid and 6 parts of 
alcohol of 90 per cent. It is a limpid liquid of an aromatic 
penetrating odour and cooling spicy taste. Its density is 0.912 ; 
its boiling point 128.12° (53.4° centig.) Formic ether dissolves 
in 10 parts of water; ammoniacal gas has no action upon it, 
while solution of ammonia decomposes it like the other alkalies. 
Formiate of oxide of methyl is lighter than water, and boils 
between 36 and 38° centigrade; its odour suggests that of 
acetic ether. 
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Farmiate of potash is very soluble and crystaUixes with dif- 
ficulty. Formiate of soda crystalUaes in prisms of a rhombic 
base or in tables, containing 2 atoms of water; it is very soluble 
and deliquescent in damp air. This salt is very suitable for 
reducing many metallic oxides, when heated with them to 
redness in the dry way, oi* when boiled with their solutions. 
Its solution may be employed to separate the reducible metals 
from iron, copper, manganese, &c., which are not deoxfdised by 
formic acid. 

Formiate of barytes crystallizes in brilliant transparent prisms, 
which are persistent in air, soluble in 4 parts of water and 
insoluble in alcohol. Formiate of strontian crystallizes in trans- 
parent six-sided prisms, containing 4 atoms ^ water. Formiate 
of Ume is soluble in 10 parts of water, and scarcely more soluble 
with heat than in the cold, so that the best mode of crystal- 
lising it, consists in evaporating its solution by a gentle heat* 
A concentrated solution of the salt deposits, by evaporation, 
needles of a brilliant lustre, which effloresce when heated. 
Formiate of mafftieHa crystallizes in thin brilliant needles, per- 
sistent in air, which are soluble in 13 parts of water and in- 
soluble in alcohol. Formiate of alumina gives by evaporation 
a gummy mass which is not crystalline; Its solution with 
the addition of sulphate of potash, alum, &c., becomes turbid 
when heated, like acetate of alumina. Formiates of manganese^ 
protoxide of irony zinc, cadmium, nickel, cobalt, and copper are 
very soluble and crystallizable salts. 

Formiate of cerium is a white granular and crystalline powder; 
it is the most insoluble formiate, a property of which advanti^ 
is taken in preparing pure oxide of cerium from solutions con- 
taining oxide of iron, lime and other oxides. At 392^ (200^ 
oentig.), this formiate enters into a kind of ebullition and is 
converted into carbonate of cerium, without charring. 

Formiate of lead requires 36 or 40 parts of water for solution, 
and precipitates when formic add is added to a saturated 
solution of acetate of lead, in brilliant needles diverging from a 
common centre. The solution of formiate of lead has a sweet 
taste, it is capable of dissolving oxide of lead when boiled upon 
that oxide and acquires an alkaline reaction. Formiate of lead 
is insoluble in alcohol. 
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FomUaies of$ubo9ide and omde of merCTirjf.— Red oxide of 

mercury well pounded dissolves in formic acid, at the ordinary 
temperature and forms a solid crystalline mass on evaporating 
in dry air, which is the formiate of that oxide. On applying 
the slightest heat to this salt either dry or in solution, effer- 
vescence occurs from the escape of carbonic acid, and formiate 
of suboxide of mercury is produced. The latter salt is de- 
posited from a solution so decomposed, in a crystalline very 
brilliant micaceous mass, which is composed of small plates of 
4 or 6 sides, of a silky or silvery lustre. By . a higher tempe- 
rature formiate of the suboxide is decomposed whether dry or 
in solution, with a slight explosion, metallic mercury being 
liberated with formic and carbonic acids. The decomposition 
of this salt is thus represented by liebig : 2 atoms of formiate 
of suboxide of mercury are resolved by heat into : 

2 atoms of carbonic acid. . • . C^ O4 
1 atom of hydrate of formic acid. C^jd^ 
4 atoms of metal Hg^ 

C4H30QHg4 

Formiate of riher is also a salt of sparing solubility. It is 
obtained by the double decomposition of nitrate of silver mth 
an alkaline formiate, in small leaflets of brilliant whiteness ; it 
is decomposed by heat and resolved into the metal formic and 
carbonic acids. 

Artificial oil of antSy CgHjO, (Stenhouse).-— This name was 
applied by Doebereiner to the oil which appears in the prepa- 
ration of formic add. It was obtained by Dr. Stenhouse in 
larger quantity than it is produced in the ordinary process, by 
distilling together equal weights of oatmeal or sawdust and 
solphuric acid diluted with its own bulk of water. In the 
process for formic add the peroxide of manganese cannot be 
omitted without greatly redudng the product, but here it is 
entirely left out. When oil of ants is purified the taste 
and smell are very pungent and aromatic, resembling 
oil of Cassia. It catches fire very readily and bums with 
a strong •yellow flame. Its density is 1.1006 at 80.6% (27** 
centig.); its boiling point 334.4 (168® centig.) It is pretty 
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solable in water and more so in alcohol and ether. Potassium 
decomposes it with effervescence ; bat neither the aqueous nor 
the alcoholic solution of potash has any effect upon it.* 

COMPOUNDS OF FORMYL WITH CHLORINE. BROMINE AND IODINE. 

Protochloride offormyl, C2HCl=FoCl.— One of the subs- 
tances which Regnault obtained by the action of chlorine upon 
chloride of acetyl, namely C4H2CI2, is considered by Liebig as 
protochloride of formyl, its atomic weight being divided by 
two. 

Bichloride offarmyl^ CaHCla=FoCl2 ; one of the substances 
formed by the action of chlorine upon chloride of ethyl, namely 
C4H2CI4, is so considered by Liebig, its atomic weight being 
divided by two. 

Perchloride of formyl^ chloroformy C2HCl3=FoCl3. This 
compound is formed in various circumstances. It may be 
prepared by exposing a mixture of chloride of methyl (C^HgCI) 
and gaseous chlorine to the direct rays of the sun ; by distilling 
chloral with barytes- water or milk of lime but most convenientiy 
by distilling a dilute solution of chloride of lime with acetone, 
alcohol or wood spirit. For this purpose 1 part of hydrate of 
lime is suspended in 24 parts of water, a current of chlorine 
sent through it till the greater part of the lime is dissolved, and 
a Uttle milk of lime added to make the liquid alkaline. When 
the solution of chloride of Ume has become dear by repose, 
/,th of its volume of alcohol is added, and after being left to 
itself for twenty four hours, the Uquid is distilled by a gentie 
heat in a capacious retort. The product has an ethereal odour, 
and contains perchloride of formyl mixed with alcohol, on shaking 
it with water the perchloride separates as a dense liquid, and 
may be obtained perfectiy pure by digesting it upon chloride 
of calcium, and distilling it again with concentrated sulphuric 
acid. (Liebig's Trait^). 

Perchloride of formyl is a colourless oily liquid, of an agree- 
able ethereal odour and sweetish taste ; its density is 1.480 at 
64.4^ (IS^centig.); its boiUng point 141.44^ (60.8* cent.) It 

* Dr. Stenhouae, Phil. Mag., 3rd Series, roL 18, p. 122. 
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is inflamed with ffteat di£Eicaity bat burns in the flame of a 
candle colouring it green. The alcoholic solution of potash 
destroys it, converting it into formiate of potash (Dumas), a 
property which the name chloroform refers to : 

F0CI3 and 4KO=KO, F0O3 and 3KC1. 
The density of its vapour is by experiment 4200^ by calcu- 
lation 4116: its combining measure 4 volumes. Chloroform 
may be distilled from sulphuric acid, potassium or potash with- 
out being sensibly altered. Exposed with chlorine to the 
direct rays of the sun it is decomposed and converted into 
hydrochloric acid and a particular chloride of carbon C2CI4, 
which boils at 172.4® (7S® centig.), and of which the density of 
the vapour is 5300, and combining measure 4 volumes (Reg- 
nault). This chloride of carbon has been looked upon as a 
formic acid in which both the hydrogen and oxygen are replaced 
by chlorine : 

C2CH-CI3; 

while the well known sesquichloride of carbon is related in the 
same way to acetic acid : 

When the former chloride of carbon is made to pass in 
vapour through a porcelain tube at a dull red heat, it is divided 
into two new chlorides of carbon, of which the composition is 
expressed according to M. Regnault, by CCl and CCI3. 

CUorhydrate of chloride offormyi 2C2HCI, HCI5 one of the 
products of the action of chlorine upon the chlorhydrate of the 
chloride of acetyl. 

Perbromide offormyl^ bromoform, C^HBrgsrsFoBrj; prepared 
like the perchloride, and very analagous to it in properties ; its 
density is 2.10. It is less volatile than the perchloride, and 
more easily decomposed by alkalies. 

Periodide offormyl^ iodoform^ C2Hl3=Fol3. — This is a yellow 
volatile substance discovered by SeruUas, which is often des- 
cribed as an iodide of carbon. It is obtained on adding an 
alcoholic solution of potash to a solution of iodine in alcohol, 
tiU the last is discoloured, carefully avoiding any excess of 
alkali. The alcohol is then expelled by gentle evaporation, and 
the iodide of formyl is deposited in crystals, which are purified 
from iodide of potassium by washing with pure water. This 

2 I 1 
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compound is formed in consequence of the decomposition of 
1 atom of alcohol and 6 atoms of potash, hy 8 atoms of iodine, 
by which 1 atom of periodide of formyl, 1 atom of formiate of 
potash^ 5 atoms of iodide of potassium and 4 atoms of water 
are produced (Liebig). 

1 atom of alcohol. • . . ^4 1 h O r 

8 atoms of iodine. ... I3 

6 atoms of potash. . . Og Kg 



Equivalent to : 



C4 HgOg IgHg 



1 atom of periodide of formyl. . . • C^H I3 

1 atom of formiate of potash. • . . C^H O4 K 
5 atoms of iodide of potassium. • . I5K5 

4 atoms of water H4O4 



Iodoform crystallizes in brilliant yellow plates, and has a 
characteristic odour suggesting that of safiron. It is insoluble 
in water, but very soluble in alcohol, ether and wood spirit. It 
sublimes at 212*^; at 248® it undergoes decomposition and is 
resolved into carbon, iodine and hydriodic acid. It gives a 
peculiar liquid of a deep red colour and density 1.96, when 
distilled with chloride of phosphorus or with corrosive subli- 
mate ; this liquid contains chlorine, iodine and formyl. 

Sulphuret of formyl^ F0S3 ? (Bouchardat). A liquid obtained 
by distilling 1 part of iodide of formyl with 3 parts of sulphuret 
of mercury; hydrate of potash converts it into sulphuret of 
potassium and formiate of potash. 

Action of chlorine upon oxide ofmethyL — ^Chlorine gas de- 
composes the oxide of methyl gas, forming hydrochloric acid 
and the following products, as observed by M. Regnault : 

Density. Boiling point. Density of 

Tspoor. 

Oiide of methyl C,B,0 1570=2 ▼. 

MoDochlorinated oxide of methyl. ^pfO 1.315 105° cent. 4047=2 y. 

Bichlorinated oxide of methyl. • . Cq. O I.6O6 130® „ 6367=2 v. 
Perchlorinated oxide of methyl. . Cfi\fi 1.594 212® „ 4670=4 v. 
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The combining measure of perchlorinated oxide of methyl 
differs, it will be observed^ from the other members of the series. 
(Annales de Chimie, etc. Ixxi. 353). 

Chlorine is absorbed with great avidity by hydrate of oxide 
of methyl and a heavy oil formed, which has not yet been fully 
examined. 

Action of chlorine upon chloride of methyl. — ^This also gives 
rise to a series of compounds, in which the proportion of chlo- 
rine increases as the action is prolonged. (Regnault). 

Density. Boiling point Density of 

▼apour. . 

Chloride of methyl C,HjCl 1738=4 v. 

Monochlorinated ditto. . . . CjHjCIj 1.344 30.5® cent. 3012=4 ▼. 
Bicblorinitted do. (chloroform). C^H CI, 1.491 60.8® „ 4230=4 v. 
Perchlorinated ditto CaClCl, 1,599 78® ,» 5245=4 v. 

• 

The monocbloriuated chloride of methyl has an odour which 
18 very sharp and is similar to that of Dutch liquid ; treated 
with an alcoholic solution of potash, the former liquid gives 
QDly a very trifling precipitate of chloride of potassium^ and 
distils over almost entirely without change. 

The perch loride of carbon, C2CI4, which is named above 
perchlorinated chloride of methyl, is not altered by a solution 
of hydrosulphuret of the sidphuret of potassium. It is decom- 
posed by heat and gives different chlorides of carbon according 
to the temperature. 

At a dull red heat, this chloride C2CI4 appears to be con- 
verted into another chloride of carbon C2CI3, supposing the 
combining measure of the latter to be 4 volumes, its density 
being 4082. This new chloride of carbon will therefore be 
isomeric with Faraday^s sesquichloride C4CI6, but of only half 
the denaty. When decomposed at a higher temperature it 
gives small silky crystals of the chloride of carbon of Julin CCL 
Lastly at a bright red heat the liquid chloride of caxbon C4CI4 
is the principal product. 

Chlorine acts readily upon the sulpburet of methyl and upon 
the compounds of oxide of methyl with acids or the compound 
methylic ethers. A benaoate and acetate of an oxicbloride of 
formyl have been produced, having the following formula, 

(Malaguti) : 

2i I 2 
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CaH^'^ + BzO, 



C2HQ«-hAc03. 



A mixture of iodine, nitric acid and wood spirit left to itself 
for a long time, deposits yellow crystals. Bromine in the same 
circumstances gives a heavy oily liquid (Aime). 

SECTION III. 

PRODUCTS OP THE DISTILLATION OF WOOD HAVING SOME 
RELATION TO OXIDE OF METHYU 

Xylite^ lignone (Gmelin), a liquid which exists in commercial 
pyroxylic spirit, and is separated from the hydrate of oxide of 
methyl by distillation from chloride of calcium at 212^ MM. 
Weidmann and Schweizer, in their last memoir on these pro* 
ducts, assign to xylite the formula CgHgO^^. The density of 
its vapour was by experiment 2177> by theory 2159 ; its boiling 
point 142.7® (61.5* centig.) ; density 0.816. Pure xylite has an 
agreeable, sharp odour, and empyreumatic taste. It is miscible 
with water, dissolves but little chloride of calcium, and burns 
with a white flame. 

Mesiteriy CgHgOg (Weidmann and Schweizer), a liquid ob- 
tained by distilling equal parts of sulphuric acid and xylite, in 
which chloride of calcium is wholly insoluble. Its density is 
0.808 ; boiling point 145.4^ (63® centig.) 

Xylitic acid^ C4H3O14 (W. and S.), obtained by treating an- 
hydrous xylite with hydrate of potash. The salt thus formed 
is supposed to be a compound of xylitate of potash with xylite, 
3 (KO, €41130,4) H-CgHeOgi. It is readily soluble in wood- 
spirit, but is insoluble in anhydrous xylite. Xylite oil and 
xylite resin are two other substances contained in an oil, formed, 
among other products, by the action of an excess of hydrate of 
potash upon xylite. 

Mesite, CgHgOg (W. and S.). This liquid which, in its phy- 
sical properties, very much resembles mesiten, exists in crude 
proxylic spirit, and comes over late in its rectification. Mesite 
may, therefore, be separated, by distillation with water, from 
xylite, as the latter passes over early. Mesite is also formed by 
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fhe action of potash and potassium upon xylite. It is colour- 
less, volatile, and of an ethereal odour, boils someifHiat above 
158% and is soluble in water. 

XyUte naphtha^ CgHgOi^. — By the action of hydrate of po- 
kish upon mesite, acetic aeid is formed and xyhte naphtha. 
When pure, this liquid is colourless and very fluid, having an 
odour resembling oil of peppermint, but slightly soluble in 
water, soluble easily in alcohol, wood-spirit, xylite and ether. 
It boils at 230% and burns with a white and smoky flame. 

The principal products of the treatment of xyUte-naphtha by 
an excess of hydrate of potash or potassium are xylite-oil and 
xylite-resin. 

Xylite-resin, C24Hig03; when pure, is a reddish, brown, 
brittle mass, fusible under 212% but decomposed by a higher 
temperature. It is insoluble in water, or in solution of potash, 
and gives no precipitate with an alcoholic solution of acetate of 
lead. It is readily dissolved by alcohol, wood-spirit, xylite and 
ether. 

Xylile-oily CisHgOj. To obtain this oil pure, it is necessary 
to act upon xylite with a great excess of hydrate of potash. It 
is colourless, but usually yellow, lighter than water and nearly 
insoluble in it, readily dissolved by alcohol, etc. It has a bit- 
ter, burning taste, a peculiar odour, boils considerably above 
Sy2^ (200^ centig.), and may be distilled without decomposition. 
It bums with a white, very smoky flame. When decomposed 
by hydrate of potash, xylite-oil gives acetic add and a peculiar 
resin^ C4gH3g03 ; not so fusible as xyUte-resin. 

When 1 part of anhydrous acetone is gradually mixed with 
2 parts of hydrate of potash, well pulverised, the vessel being 
kept cool, and the mass mixed after six or eight days with 
water, a brown oily liquid separates ; this may be washed with 
water to free it from undecomposed acetone, and distilled with 
water to separate it from a resinous body. This oil has the 
same boUing point and composition as xylite-oil, and appears 
to be identical with it. The resin has also the same compo- 
sition as xylite-resin.* 

Met holy CjjHg ; a liquid produced by the distillation of xylite 
with sulphuric acid; pure wood-spirit does not yield it, although 
it waa first obtained by the treatment of the crude spirit ; it is 

* Lcswig and Weidmann ; PoggendorfTs Aonalen, 1, 299. 
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a hydrocarbon, and contains no oxygen. It does not mix with 
sulphuric acid, but by long digestion and agitation, it disappears 
entirely, and is partly converted into a black renn, Cg^Hi^O^ 
which is insoluble in alcohol and wood-spirit, but soluble in 
ether and xylite. Methol is not converted into this resin by 
the action of air. The acid solution neutralised with carbonate 
of lime gives a white crystalline salt, containing methol-aulphuric 
acid, of which the formula when free is HOjSOg-f C^^Hg, SOj, 
or perhaps rather HO, CigHgSjOj + HO.* 

Mr. Scanlan has shown that crude wood^spirit contains free 
aldehyde, which he has extracted from it in a state of purity by 
submitting the crude spirit to successive distillations. L. Gfme- 
lin obtained acetone from the wood- spirit of the French miinu- 
factories ; it distilled over first when the crude spirit was recti- 
fied from chloride of calcium. 

Pyroxanthin, eblanitiyf C2iHg04 (Gregory and Apjohn); a 
crystalline substance of an orange colour, obtained by Mr. Scan- 
lan on distilling crude pyroxylic spirit from slaked lime« It 
remains with the lime, and after neutralising the latter with 
acetic acid, may be taken up by alcohol, from which it is 
deposited in long needles or prisms having the colour of car- 
basotate of potash. It is insoluble in water and in alkalies, but 
soluble in alcohol, ether and concentrated acetic acid. It sub- 
limes at 273% but does not melt till it is raised to the tem- 
perature of 291®. Concentrated sulphuric acid dissolves it. 
and assumes a red blue colour4 

SECTION IV. 

OTHER PRODUCTS OF THE DISTILLATION OF \^00D, CONTAINED 

IN TAR. 

Paraffin is a particular hydrocarbon, produced in the distilla- 
tion of wood, and in many other circumstances, which has the 
same composition p^ cent as defiant gas, or CH. It is a drys- 

* F. Weidmann and E. Schweizer ; PoggendorTt Annaten, zliii, 593} zliz, 
135 and 293; 1,265. 
t From Eblana, Dublin. 

X Liebig*s Annalen for 1837 ; or Dr. lliomson^a Organic Chemistrf, Vege- 
tables, p. 7r)0. 
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talline aubstauoe, transparent and ccdoarkss, jsoft and not unlike 
stearic acid, inodorous and tasteless, fusible at 1 10.6^ (43.75^ 
centig.)j and capable of being distilled at a higher temperature 
without alteration. A cotton-wick which has imbibed melted 
paraffin, burns without smoke or odour, like a was taper. Its 
density is 0.870. 

In a chemical point of view, paraffin is distinguished for a 
remarkable indifference to other bodies ; hence the name paraf- 
fin (poTum affimsiS assigned to it by M. Reichenbach, its disco- 
verer. It is not decomposed by chlorine, by alkalies or acids. 
Paraffin is yery soluble in ether and oil of turpentine ; boiling 
alcohol dissolves only 3.45 per cent of its weight. This and 
the other principles existing in tar are obtained by long and 
intricate processes, which cannot be shortly described.*' 

Eupum^ C5H5, is best obtained from animal tar. It is a 
colourless, very limpid liquid (whence its name), without odour 
or taste, of density 0.655, not frozen by —4% boiling at 336.2* 
(169^ centig.), and distilling over without change. It bums 
easily by means of a wick, with a bright flame and no smoke. 
Eupion is insoluble in water, but soluble in alcohol. It is not 
altered by potassium, by chlorine or iodine, which it dissolves, 
nor by acids or alkalies. — (Reichenbacfa, Ann. de Cbim. 1, 69.) 

Creosote, C7H44O (Ettling), is present in wood-smoke, in 
tar, and generally in wood- vinegar (pyroligneous add), to which 
it communicates its odour, taste and antiseptic properties. It 
is an oily colourless liquid, of high refracting power, of which 
the odour is penetrating and disagreeable, analogous to that 
of smoked meat, and the taste burning and very caustic. Its 
density is 1.037 at GS""; it boils at 397.4'' (203'' centig.), and is 
not frozen by a cold of —16.6'' ( — 27® centig.). It bums with 
a very smoky flame. 

Creosote forms two different compounds with water at the 
ordinary temperature ; one is a solution of 1.25 parts of creo^ 
sote in 100 parts of water; the other, on the contrary, a solu*' 
tion 10 parts of water in 100 of creosote. Acetic acid appears 
to* be a special solvent of creosote ; these two liquids mix in all 
proportions. Potassium is decomposed in it with effervescence 
and formation of potash. Creosote fomis in-the cold two com* 

* Refchenbach ; Ann. de Cfaimie, elc. t. 30, p. 69.* Also Dr. Thumson^s Organic 
Chemistry, Vegetables, p. 723 ; or Traits de Chiraie, par M. Dumas, t, v. p. 652. 
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pounds with potash ; one is anhydrous, liquid^ of an oily consis- 
tence, the other hydrated and crystallized in white pearly plates ; 
they are both decomposed by all acids, even carbonic acid. It 
mixes in all proportions with alcohol, ether, sulphuret of car- 
bon, oil of petroleum and acetic ether. Creosote is remarkable 
for dissolving a large number of organic colouring matters, 
including cochineal, dragon's blood, litmus, madder, saffron, 
and even indigo, when heated. It coagulates albumen, a pro- 
perty upon which its corsosive action upon animal tissues may 
depend. Butcher-meat or fish dipt in it, and then exposed to 
air, does not putrify,*^ but acquires the agreeable flavour of the 
same kind of food when well smoked. 

Picamar {in pice amarum) is a transparent and nearly colour- 
less liquid^ of the consistence of an oil somewhat thickened ; its 
odour is weak and peculiar, its taste insupportably bitter and 
burning, then cooling, like that of peppermint. Its density is 
1.10 at 68**; its boiling point 518^ It is the bitter principle, 
according to M. Reichenbach, of all empyreumatic products. 
It forms crystalline compounds with the alkalies and alkaline 
earths, in which the latter are not neutralised. It is insoluble 
in water, but soluble in alcohol and ether. 

Pittacalj a beautiful colouring matter, discovered by Reichen- 
bach in the oil of tar ; the latter substance, when free from acid, 
assuming a beautiful blue on the addition of barytes-water to it. 
This substance when precipitated or obtained by evaporation 
forms a deep blue mass, solid and friable, like indigo. It 
assumes also a coppery lustre, like indigo, when rubbed. It 
is inodorous, insipid and not volatile. Pittacal is insoluble in 
water, but is suspended in that liquid in a state of such minute 
division as to pass through a paper filter, and colour the 
liquid blue. Its solution in acetic acid is of a rose red colour, 
and recovers a very fine blue colour on the addition of an excess 
of alkali. M. Reichenbach recommends it as a re-agent even 
more sensible than litmus to the action of acids and alkalies. 
It is not soluble in alcohol, ether or eupion. It is not altered 
by air and light. 

Pittacal gives precipitates of a fine violet blue colour, with 
acetate of lead, chloride of tin, ammoniacal sulphate of copper 
and acetate of alumina. This substance may be available ulti- 

* Heoce the name creosote, from Kpiaq flesh, and (To^oi I save. 
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mately, in the opinion of M. Reichenbach, as a colouring matter 
in dyeing. 

Besides the bodies described, other substances have been 
found among the products of the distillation of wood, to 
which the names cedriret, chrysene, pyrene and capnomor have 
been given. 

PRODUCTS OF ^ THE DISTILLATION OF COAL. 

The general products of the distillation of coal, which appear 
in gas-making, are : 1, the residuary carbon or coke; 2, gaseous 
compounds of carbon and hydrogen, including defiant gas 
(page 422) ; 3^ a watery hquid, containing salts of ammonia ; 
and, 4, tar. 

When the tar is distilled with water, an oily liquid comes 
over, and there remains behind a black resinous substance, or 
pitch, of the nature of which little is known. The oil is a mix- 
tare of several bodies^ some of which are capable of combining 
with bases, and some with acids. Particular substances have been 
isolated, to which the names, leucol, pyrrol^ cyanoly carbolic add, 
rosoUc and brunolic acids are applied, but the most remarkable 
product in coal-tar is naphtaline, which is sometimes found 
sublimed pure, in white crystalline plates^ in the gas apparatus. 

NAPHTALINE. 

Formula : CgoHg. - M. Laurent has observed that this sub- 
stance is best obtained from tar which is somewhat old. The 
tar is boiled in air till it is deprived of water, and then dis- 
tilled in a retort with a copper adopter or connecting tube, and 
glass receiver. The first portion of oil distilled is of a yellowish 
colour^ which becomes dark coloured in air, and allows much 
naphtaline to fall when cooled to 14° or 10° Fahr. If re-dis- 
tilled, and the last portions received apart, they yield naphtaline 
in laige quantity when cooled. To purify naphtaline, it is crys- 
tallized twice firom alcohol, taking care to press the crystals 
each time in folds of cotton cloth. If the oil is submitted for 
some time to a current of chlorine, it yields afterwards an 
increased product of naphtaline. 
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Naphtaline is in transparent and coloniiess plates, has a 
strong peculiar and not unpleasant odour, a barning aromatic 
taste, is denser than water, insoluble in it, melts at 176% boils at 
422.6'' (217^ centig.)^ and condenses in shining leaflets. The 
density of its vapour is 4528 by experiment, and 4488 by calcu- 
lation ; its combining measure is 4 volumes. Naphtaline bunts, 
when heated, with a white smoky flame. It is very soluble in 
alcohol and ether, and crystallizes from these solutions on dilu- 
tion with water. NaphtaJine is peculiarly the product of a high 
temperature, and is flimished by alcohol and organic matters in 
general when heated to redness. 

Naphtaline dissolves in concentrated sulphuric acid, upon the 
application of heat ; with anhydrous sulphuric acid it combines 
when heated, and forms a fine purple red liquid. The com- 
pound contains three peculiar acids, which on diluting the mass 
with water and neutralising it with carbonate of barytes, are 
obtained in three difierent barytes salts, which may be separated 
and distinguished from each other by their unequal solubility 
and different crystallization. They are : 

NapJUalin-hypo^ulphuric acid or sulphonaphtaUc acid, HO 
+ C2oHgS205. It is soluble in water and crystallizes, is sour 
and bitter, with a metallic after-taste. The hyposulphuric acid 
it contains is not neutralised by the naphtaline, and combines 
with the usual proportion of base to form a neutral salt. Sul- 
phonaphtalate of barytes BaO -»- C2oH8,S205, crystallizes in 
brilliant light spangles, bums in the flame of a candle, is inso- 
luble in alcohol. It parts with an atom of water when 
heated; its formula may then be BaO+C2oH7»^2^4* 

Naphtin^hyposulphuric acid or sulphonaphtic add, HO 

+ ^iiH440»S906> ^ ^^^ crystaUisable, and very soluble in 
water. 

Glutinhypomdphwric add is separated from its salts by hydro- 
chloric acid as a milky substance, which fells and collects 
together in transparent, clammy drops 3 its salts do not crys- 
tallize. 

When naphtaline is dissolved in excess by sulphuric acid, and 
water added, the excess is precipitated, but in an altered state, 
for when the precipitated naphtaline is distilled with' water, it 
leaves behind a fatty matter, from which alcohol separates two 
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Hnpounds, mlphonaphiidme, C^oHg, SO2 and sulphonaph^ 
C24H10, 80^4 Both are inodorous and insoluble in 
water. 

By the action of chlorine upon ns^htaHne, two compounds 
of that substance with chlorine in different proportions are 
fonned ^ and by the abstraction of hydrochloric acid from these, 
<ir continued actioii of chlorine, several othte compounds are 
produced : 

1. CjjoHgCl2=C2oHyCl +H CI , 

2. C2QHgCl4=C2oHgCl2 + HgClj 

4, C2oHgCl5=C2o H4CI4 + H2CI2 

5. CjoHgCljSsCjoHgCla 

The first of these compounds cMorhydrate of chloro-naphtch 
hue of Laurent is fonned when naphtaline absorbs chlorine gas 
at the usual temperature ; it is a yellow oil, denser than water 
and insoluble in it. When treated with potash it loses HCl, 
and gives the chloronaphtalase of Laurent, CeoH^CI. 

The second, chlorhydrate of chloronaphtaleae of Laurent, when 
naphtaline is saturated with chlorine gas at 140^. It crystal- 
lines from ether in transparent rhomboidal tables, requires a 
temperature of 320® to fuse it, uid forms a crystalUne mass on 
cooling. 

The thirds chloronaphtalese of Laurent, is produced by the 
distillation of 4he second, or by treating it with an alcoholic 
solution of potash, with the separation of 2 atoms of hydro- 
chloric acid. It crystallizes from alcohol in rhombic prisms, is 
tasteless and inodorous, and fuses at 111.2® (44® centig.). Two 
other isomeric compounds of the same formula exist, one an 
oil^ the other obtained by potash. 

The fourth compound, cMorhydrate of cMoronaphtalose of 
Laurent, is produced by the action of chlorine gas upon the 
thirds at the usual temperature. It much resembles the body 
from which it is derived, fuses at 105.8® (41® centig.), and may 
be sublimed without change. 

The fifth compound, chloronaphtaUse of Laurent, is the pro- 
duct of the action of chlorine on the first or fluid chloride of 
naphthaline in sunshine, or with heat and subsequent distilla- 
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tion of the oil formed. It crystallizes from ether in large 
striated prisms, which are colourless, inodorous, soft like bees'- 
wax, fusible at 163^.4 (73^ centig.). This compound is a naph- 
taline in which 3 atoms of hydrogen are replaced by 3 
atoms of chlorine. (Laurent, Ann. de Chim. &c. Ixvi, 196). 

M. Laurent has obtained two neutral substances and two 
acids, from the action of nitric acid upon the naphtalic chlorides 
(Ann. de Chim. Ixxiv, 26) : 

Oxichloronaphtalose . C20H4CI2O2 + HO 

Chlifronaphtalosic acid . C2QH4CI O3 + O2 

Naphtalosic acid . . . i(Ci6H404 H-Oj) 

Oxichlorophtalenose • • C1SH4CI3O 

Nitranaphtalide {nitronaphtalase)fC^li^'{'ii0^y is produced 
on heating naphtaline with nitric acid, by itie separation of HO. 
It crystallizes from alcohol in four-sided prisms, of a sul- 
phur-yellow colour, fuses at 109^.4 (43® centig.), and may be sub- 
limed when cautiously heated ; when suddenly heated it burns. 

IsiitronapJidehyde {nitronaphialese)^ C2QHg4-2N04, is formed 
by boiling the former compound, or naphtaline and nitric add till 
no oily body floats on the surface of the liquid. It falls upon the 
cooling of the liquid as a yellow crystalline powder, fusible at 
365% which may be sublimed without change, and is insoluble 
in water and alcohol. (Laurent). 

The action of nitric acid on naphtaline being continued 
for a longer time and at a high temperature, after the expulsion 
of the nitric acid in nitrous fumes and the sublimation of the 
naphtalese, a feeble explosion takes place, and a coaly mass re- 
mains in the retort. By repeating the treatment of this mass with 
nitric acid, M. C. de Marignac obtained the three following new 
products : 1, Nitronaphtalis€y C^oHioNjOig or CjoHio +3NO4 ; 
a yellow, glutinous, resinous substance, insoluble in water, dis- 
solved out of the mass by ether. This substance is named by Ma- 
rignac according to the plan followed by Laurent of distinguishing 
compounds obtained successively ft'om the same root by the 
vowels, Oy €y i, 0, etc.; the two preceding compounds being nitro- 
naphtalase and nitronaphtalese, this falls to be named nitro- 
naphtalise. Alkalies decompose this substance, and convert it 
into — 2, a brown matter^ C12H3NO5, carbonic acid and ana- 
monia; 3, niironaphtalic addy 2HO + Ci6H5NOi2; a bibasic 
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acid, soluble in water, forming crystallizable salts. The salt of 
ammonia is white, with the lustre of mother of pearl, and 
resembles the crvstalline plates of naphtaline ; it is readily dis- 
solved by water, and pretty soluble in alcohol. The salts of 
silver and barytes contain two atoms of metallic oxide, the salt 
of lead four atoms. 

M. de Marignac also obtained a volatile liquid^ which distilled 
over with the excess of nitric acid, in treating the hydrochlorate 
of chloronaphtalese (CsoHgClJ with that acid, of which the 
constitution is remarkably simple, C CI NO4, or C Cl-i-N04. 
This liquid, which is not named, is perfectly colourless, trans- 
parent, of density 1 .685 at 59% of an odour excessively irritating, 
like that of chloride of cyanogen, and affecting the eyes, neutral 
to test-paper. Water dissolves a mere trace of it, but acquires 
thereby its smell and taste. It dissolves easily in alcohol and 
ether ; nitric and hydrochloric acids dissolve only a very little 
of it. Its boiling point appears to be not greatly above 2 1 2®. 
The aqueous solution of potash has no action upon it, the alco- 
holic solution dissolves it easily, and after a time, a crystalline 
potash-salt falls, which is decomposed when heated, with explo- 
sion. The density of its vapour was not ascertained. 

The naphtalic acidj which is formed and remains in the retort 
in the preceding process, did not possess the properties or com- 
position of the acid which M. Laurent obtained by a similar 
process. Marignac's naphtalic acid contains nitrogen, with 
carbon and hydrogen in the proportion of CgH^, which is 
inconsistent with the formula of the following acid.* 

Naphtalic acid, HO-f CgHjOa, is formed on heating with 
nitric acid the second compound or solid chloride of naphtaline 
in the foregoing list (the chlorhydrate of phloronaphtalese) ; 
Tuddy fumes are given off, and the acid solution gives on con- 
centration a white crystalline crust, which is naphtalic acid. 
One equivalent of chlorhydrate of chloronaphtalese and 10 equi- 
valents of oxygen give 2 equivalents of naphtalic acid, 2 equiva- 
lents of oxalic acid, and 4 of hydrochloric acid : 

CaoHgCl^ and 10O=2C8H2O3and 2C2O3 and 4HC1. 

* C. de Marignac, io Liebig's Annaleo, vol. 38, pp. I & 13. 
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It crystallizes by*sublimation in long thin prisms, resembling 
benzoic acid^ which are inodorous, have a weak taste, fuse at 
221", are soluble with difficulty in water, have an acid re-actaon 
and form salts with bases. (Laurent.) 

Paranaphtalinej C^H^^ ; liocompanies naphtaline in tar, and 
is deposited by the distilled oil when greatly cooled in crystal- 
Une grains. It is distinguished from naphtaline by its sparing 
solubility in boiling aloohoL It is also less fusible and less 
volatile, fusing at 356** and boiling above 572** (300" centig.). 
Its best solvent is oil of turpentine. It contains carbon and 
hydrogen in the same proportion as naphtaline, but on taking 
the density of its vapour, it is found that 3 volumes of naph- 
taline represent only 2 of paranapfataline ; the density of the 
latter is 6732. (Dumas and Laurent, Ann. de Chim. 1, 187). 

SECTION V. 

BrruMEN. 

A tarry matter, known as bitumen^ is found native in various 
parts of the world, sometimes so consistent as to be termed 
pitch or asphalt, and often liquid and thin, as the native petro- 
leum or naphtha of Persia and Rangoon. The latter, however, 
always holds much fixed matter in solution. 

According to the recent observations of MM. Pelletier and 
Walter, natural naphtha consists of several liquid and one 
solid compound^ paraffin namely, which it contains ready 
formed. The liquid compounds are hydrocarbons, which these 
chemists name naphtha, naphtene and naphtol. They are 
separated from each other by distillation^ as they have different 
boiling points. 

Naphtha^ C14H13 ; boils between 185® and 194% is decom-* 
posed by sulphuric and nitric acid, particularly with die aid of 
heat, less affected by chlorine; iodine dissolves ih it. The 
density of its vapour is by observation 3400, by calculation 
3390. 

^aphthene^ CigHj^; is .denser than naphtha^ oily, and boils 
at 239®. The density of its vapour is by observation 4000, by 
calculation 3920. Naphtene thus forms, from its composition, 
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thefouiih member of the series af hydrocarbons to which ole- 
fiant gas belongs : 

Methylene (hypothetical) C^ H^ 

defiant gas . , • C4 H4 

Oil gas . . . . Cg Hg 

Naphtene . . . C^g H^g 

i^etene • • • • C32 H32 

Naphtol, C24H23 ; like naphtene, greatly resembles naphtha 
in its chemical properties^ boils at 874®. The density of its 
vapomr is by observation 5300, by calculation 5600. Naphtol 
and naphtene give compounds with chlorine, bromine and 
iodine. 

It is evident from its composition that natural naphtha must 
be the product of the action upon vegetable matter of a high 
temperature^ which has not however exceeded a red heat.* 



CHAPTER IV. 

AMYGDALIN AND THE BODIES DERIVED FROM ITS DECOMPO- 
SITION. 

SECTION I. 

AMYGDALIN. 

The formula of anhydrous amygdalin is C4eH27N O^* 
This is a principle in the bitter almond and berries of the 
cherry-laurel^ of which the discovery is due to Robiquet and 
Boutron-Charlard. Its singular decomposition and the nature and 
relations of the products resulting from it were ably investigated 
by MM. Liebig and Wceliler in a memoir^ the publication of 
which formed an important era in the progress of organic che- 
mistry (An. de Chim. li, 273.) 

A fat oil is obtained by submitting blanched bitter almonds 
to great pressure between two hot iron plates; the matter 
which remains, or the almond cake, is the source of amygdaliiu 
It is treated with boiling alcohol of 93 or 94 per cent applied to 
it in successive < portions,.and the alcoholic solutions evaporated 
by a water-bath to a syrupy consistence. To remove a quan- 

* Journal d« Pharraacie, t 26, p. 549. 
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tity of sugar which prevents the amygdalin from crystallissing, 
the residue is diluted with water^ a little yeast added to it, and 
it is left to ferment in a warm place. After the fermentation 
ceases^ the liquid is filtered and evaporated again by a water- 
bath to a syrupy consistence. On mixing the syrup with a 
portion of strong alcohol of 94 per cent, all the amygdalin pre- 
cipitates in the form of a white crystalline powder, which is 
pressed in folds of filter paper, and afterwards purified by new . 
crystallizations from alcohol,. (Liebig). 

As crystallized from alcohol, amygdalin retains a portion of 
that substance in combination, which it loses when exposed to 
air. At the ordinary temperature it is scarcely soluble in anhy- 
drous alcohol, but is more easily dissolved by boiling alcohol. 
It is very soluble in water, and crystallizes from a solution 
saturated at 104^ in large transparent prisms, of a silky lustre 
which contain 10.57 per cent of water, or 6 atoms ; dried in 
vacuo over sidphuric acid the crystals lose 3.52 per cent of 
water, equivalent to 2 atoms. The crystals are not volatile, but 
are decomposed by a high temperature, difiusing the odour of 
hawthorn, and leaving a bulky charcoal. 

Dry chlorine has no effect upon amygdalin ; humid chlorine 
converts it into a bulky white powder, insoluble in water and 
alcohol, which has not been examined. Heated with dilute 
nitric acid, or with peroxide of manganese and dilute sulphuric 
acid, amygdalin produces ammonia, volatile oil of bitter almonds, 
benzoic acid, formic and carbonic acids. Hy permanganate * of 
potash in decomposing amygdalin gives rise to cyanate and ben- 
zoate of potash. Caustic alkalies convert amygdalin into ammonia, 
which is disengaged, and amygdalic acid, a peculiar add, which 
remains in combination with the alkali. 

AMYGDALIC ACID. 

Formula: VLO + C^^^O^. This acid was first obtained by 
Liebig and Woehler, by the action of alkalies upon amygdalin. 
It is best prepared by dissolving amygdalin in barytes-water, 
and maintaining the mixture in a state of ebullition, so long as 
ammonia is disengaged ; the barytes is then removed by sul- 
phuric acid, and the liquid evaporated by a water-bath. In the 
formation of this acid, 1 atom of amygdalin and 2 atoms of 
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vater are resolved into 1 atom of ammonia and 1 atom of anhy- 
drous amygdalic acid : 

C4oH27N03a and 2 HO=C4oH360a4 and NH3. 

Amygdalic acid is obtained by evaporation as a transparent 
colourless amorphous mass ; it has a very agreeable acid taste, 
is insoluble in alcohol and ether, but so soluble in water as to 
deliquesce in damp air. 

Nitric acid and the mixture of peroxide of manganese and 
dilute sulphuric acid act on amygdalic acid as on amygdalin, 
allowing for the absence of nitrogen from the former, tihe pro- 
ducts being volatile oil of bitter almonds, formic and carbonic 
acids^ all of which are disengaged in the state of gas. 

Little is known of the amygdalates ; they appear to be in 
general soluble salts, with the exception of a basic salt of lead. 
Amygdalin, it will be observed, has the composition of amyg- 
dalate of oxide of ammonium, from which the elements of 3 
atoms of water have been abstracted ; or it has lost 1 atom of 
water more than a true amygdalamide (liebig). 

SECTION 11. 

BENZOYL SERIES OF COMPOUNDS. 

Benzoyl or benzotle,* Ci4H502=Bz. This is the hypothetical 
radical of a series of compounds, including benzoic acid^ (from 
which it derives its name), and the essence or volatile oil of 
bitter almonds. The last substance is derived from amygdalin 
by various means. Amygdalin exists also in the kernels of many 
fruits, and in the leaves of the laureL 

BENZOIC ACID. 

Formula: HO,Ci4H503=HO, BzO. This acid exists 
ready formed in several resins, particularly benzoin and dragon's 
blood. It is produced by the decomposition of amygdalin by 
oxidating matters, by the oxidation of essence of bitter almonds, 
of hippuric acid, and in many other circumstances. 

* Bentule of several English chemical writers. 

2 K K 
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To prepare benzoic acid from the resin. Dr. Mohr directs 1 
pound of it to be broken and spread uniformly in a cast iron 
bason, 8 or 9 inches in diameter and 2 inches deep, the mouth 
of which is then covered, like a drum, by unsized paper pasted 
down at the edges. A cylindrical vessel of paper of the size 
and ordinary form of a man's hat is pulled over this, and bound 
about the bason by a thread. The bason is then placed on a 
sand-bath for three or four hours, attention being paid to the 
management of the heat, for the beauty and purity of the pro- 
duct depend entirely upon the slowness and regularity with 
which the sublimation is effected. The paper cylinder is found 
completely filled with superb crystals of benzoic acid of splendid 
• whiteness and perfectly free from the black empyreumatic oil 
which they are generally soiled with ; but having on the contrary 
a strong and very agreeable odour of benzoin. This process 
yields about 4 per cent of benzoic acid. 

Benzoic acid is also prepared in the humid way ; the resin 
is finely pulverised and care taken to mix it intimately with an 
equal weight of hydrate of lime ; the mixture is then boiled with 
twenty times its weight of water by which the benzoate of lime 
is dissolved ; the solution is filtered, and after being concen- 
trated to about one-fifth of its bulk hydrochloric acid is added, 
by which the benzoic acid is liberated, and crystallizes on cool- 
ing. The chief point to be attended to in this process is the 
mixing of the resin and hydrate of lime, which must be inti- 
mate, otherwise the mass agglomerates in boiling water, and the 
benzoic acid can only be obtained by reducing the mass to 
powder and mixing it again with hydrate of lime. 

The benzoic acid may be purified by a second sublimation, 
or by sending a stream of chlorine through its solution in 
boiling water (Liebig's Traite.) 

Benzoic acid crystallizes when sublimed in long hexagonal 
silky needles ; when pure it is colourless and inodorous ; but 
it acquires by heat an odour, analogous to that of benzoin. Its 
taste is sweet and hot, but quite peculiar. It reddens litmus 
feebly ; water dissolves ^ of its weight of benzoic acid at 212% 
and tJtt only at the ordinary temperature. It is soluble in two 
parts of alcohol and the same quantity of ether, and dissolves also 
in oil of turpentine. Benzoic acid fuses at 248% and sublimes at 
293% phosphorescing in the dark; it boils at 462^2 (239* 



BENZOIC ACID. ~ 851 

centig.) I the density of its vapour is 4270 by experiment, and 
4260 by calculation. Heated in open air it allows a white 
vapour to diffuse, which greatly irritates the fauces and pro- 
vokes coughing. It is very inflammable, and bums with a white 
smoky flame without leaving any residue. 

Benzoates. Benzoic acid is readily dissolved by alkalies and 
alkaline carbonates, and also by phosphate of soda. Several 
insoluble benzoates are dissolved, according to Lecanu and 
Serbat, by acetates of potash and soda and nitrate of soda, 
while they are insoluble, in nitrate and sulphate of potash, and 
sulphate of soda. Ammonia forms a neutral and acid benzoate ; 
the last presents itself in large regular crystals. The salts of 
potashy sodoj lithiay and magnesia are very soluble, and crystallize 
with difliculty. The salt of lime is soluble in 20 parts of cold 
water, and in a greater proportion in boiling water ; it crys- 
tallizes in flexible needles, or brilliant prisms, which contain 1 
atom of water of crystallization. Benzoate of alumina is 
obtained as a crystalline precipitate. Benzoates of manganese 
and protoxide of iron are pretty soluble. Neutral benzoate of 
peroxide (/iron, Fe^OjH- 3 BzO, is soluble in water and alcohol 
and crystallizable. But peroxide of iron is thrown down in the 
form an insoluble sub- benzoate, of a reddish white or buff colour, 
when a soluble benzoate is added to a solution of peroxide of 
iron, previously neutralised without precipitating any peroxide of 
iron by means of ammonia. To prevent the decomposition of 
this precipitate and the formation of a soluble benzoate of iron, 
it should be washed 1)y a solution of sal ammoniac. Benzoate 
of ammonia is often employed to separate peroxide of iron from 
oxides of manganese, nickel, and zinc, but when the solution 
contains at the same time alumina, yttria, zirconia, or glucina, 
the process does not answer, as the benzoates of these oxides 
are equally insoluble with that of peroxide of iron. Benzoate 
of lead is nearly insoluble in water, but soluble in acetic acid, 
from which it may be obtained crystallized in plates, which 
contain 2 atoms of water, one of which it abandons when dried 
at 212^. Solutions of an alkaline benzoate and trisacetate of 
lead, give a white anhydrous and insolubfe precipitate, which is 
basic benzoate of lead consisting of 2 atoms of benzoic acid 
nnited with 3 atoms of oxide of lead. Benzoate of silver is ob- 
tained in colourless needles, flattened and brilliant, on treating 

2 K K 2 
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a boiling and dilute solution of an alkaline benzoate with nitrate 
-of silver, and allowing the liquid to cool. 

■HYDRURET OF BENZOYL, OR ESSENCE (VOLATILE OIL) OF BITTER 

ALMONDS. 

Formula Ci4H^02-fH=Bz,H. The crude oil obtained by 
distilling laurel leaves or bitter almonds with water, contains 
hydrocyanic acid, benzoic acid and some benzoine (a solid oil) ; 
it is purified by a new distillation with water, protochloride of 
iron and hydrate of lime in a thin Uquid. The oil which 
distils over may be dried perfectly by digestion with chloride of 
calcium. 

Pure hydruret of benzoyl is a transparent colourless liquid, 
of high refracting power ; its odour is strong and peculiar hav- 
ing some resemblance to that of hydrocyanic acid, its taste 
burning. It is poisonous. The density of the oil is 1.043, its 
boiling point 3&6^ ; its vapour may be transmitted through a 
tube heated to redness without being decomposed. It inflames 
•easily in air, and burns with a white smoky flame. It is soluble 
in 30 parts of water, and may be mingled in all proportions 
with alcohol and ether. Nitric acid dissolves hvdruret of 
benzoyl, but converts it with difficulty into benzoic acid. 
Hydruret of benzoyl is gradually converted in air into benzoic 
acid by absorbing 2 atoms of oxygen, an atom of water being 
formed at the same time which combines with the benzoic acid 
ibrmed. In presence of an alkali it absorbs oxygen rapidly 
and is transformed almost immediately into a benzoate. When 
mixed with dry hydrate of potash, and distilled at a high tem- 
perature out of contact with air, it forms benzoate of potash, 
by the decomposition of water, and pure hydrogen gas is dis- 
engaged. Submitted to a moderate heat with an alkali it gra- 
dually produces, according to Fremy, an alkaline benzoate and 
a volatile oily liquid very rich in hydrogen. Dilute solutions of 
the alkalies, barytes, or lime-water, dissolve hydruret of benzoyl, 
but do not alter it, even when kept for 24 hours at 1 40** or 
160", provided air is excluded. But all these solutions furnish 
a notable quantity of the solid benzoine, when after having 
added to them some drops of hydrocyanic acid they are exposed 
to a temperature of 158". On treating hydruret of benzoyl 
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with an alcoholic solution of potash^ it passes in a few seconds 
into benzoate of potash which floats upon the alcohol ; a portion of 
the hydmret of benzoyl which loses oxygen being converted at 
the same time into an oil of unknown composition retained in 
solution by the alcohol. 

Chloride of benzoyl C,4H502+Cl=*Bz,Cl; is formed on 
transmitting chlorine gas through dry hydruret of benzoyl^ so 
long as hydrochloric acid is disengaged, and heating the yellow 
liquid to expel the excess of chlorine, till it becomes colourless. 
The atom of hydrogen of the hydruret of benzoyl is removed 
by one atom of chlorine^ and replaced by another^ as in ordi-. 
nary substitutions. 

Chloride of benzoyl is a colourless liquid, of a very penetrat-. 
ing and disagreeable odour, which affects the eyes ; its density 
is 1.10&; it boils at 383"* (195® centig.). It may be distilled from 
lime or barytes without change. It mixes with ether and 
bisulphuret of carbon without decomposition. Cold water 
converts it more slowly than hot water into hydrochloric and 
benzoic acids ; with aUcalies it produces an alkaline benzoate 
and chloride of the same metal. With alcohol it produces 
benzoate of ether and hydrochloric acid. 

Bromide and iodide of benzoyl crystallize in transparent 
colourless plates. 

Sulphuret of benzoyl is obtained by distilling chloride of ben- 
zoyl with sulphuret of lead, as a yellow oil, which fixes as a soft 
crystalline mass, having a peculiar disagreeable odour. 

Cyanide of benzoyl is prepared by distilling chloride of ben- 
zoyl with cyanide of potassium ; it is^ after rectification, a 
colourless oil having a strong cinnamon odour which excites, 
tears. 

Benzamide, Bz + NH^^ifiz^Ad; is prepared by saturating 
chloride of benzoyl by dry ammoniacal gas ; pulverising the 
white solid mass which is formed, washing it with cold water to 
remove sal ammoniac, and dissolving the residue in boiling 
water, which deposits the benzamide on cooling. It orystiJlizes 
in right rhomboidal prisms, or in small tables of a pearly lustre, 
fuses at 239" into a colourless liquid, and may be distilled at a 
higher temperature. It is soluble in alcohol and ether, as well 
as in water. Acids and alkalies decompose it, with the prQ"*^ 
aence of water, into ammonia and benzoic acid« 
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Formobenzdtlic acid, HO + BzH^C^HOj. This add contains 
hydruret of benzoyl in combination with formic acid. It is the 
result of the action of dilute hydrochloric acid upon the crude 
distilled water of bitter almonds which contains the essence and 
hydrocyanic acid. The latter acid is decomposed in contact 
with water and a strong acid, into ammonia and formic acid^ 
the last of which unites in the nascent state with the oil. 
This acid is a white crystalline powder, very acid^ fusible into 
an oily liquid by heat with loss of water^ soluble easily in water^ 
alcohol and ether; capable of decomposing with aid of heat the 
acetates, carbonates and benzoates. Its aqueous solution when 
submitted to oxidating agencies, such as chlorine, nitric acid, 
and peroxide of manganese with dilute sulphuric acid, gives 
carbonic acid and hydruret of benzoyl. 

Formobenzoilic acid has the same saturating power as formic 
acid, and belongs to that class of acids into the constitution 
of which some foreign body enters without neutralising them* 
In the formation of its salts, the basic water of the formula 
above is replaced by a metallic oxide. 

Benzoate of hydruret of benzoyl ; a body which consists q£ 
1 atom of hydrated benzoic acid imited with 2 atoms of hydruret 
of benzoyl. It is prepared by saturating the crude essence of 
bitter almonds by humid gaseous chlorine; after some time 
the new compound is deposited in a crystalline mass, which is 
washed with cold ether. It forms either a crystalline powder 
of great whiteness, or slender short prisms of a square base, 
transparent and brilliant. It is soluble in alcohol, very slightly 
soluble in cold ether, and insoluble in water. It is decomposed 
immediately by an alcoholic solution of hydrate of potash, which 
deposits benzoate of potash after a time in regular crystals. 



HIPPURIC ACID. 

Formula: HO + CigHsNOg. 

This acid was discovered by Liebig, and obviously belongs to 
the benzoyl series, although its exact place cannot at present be 
assigned to it with certainty. It has been viewed as a compound of 
benzamide with an organic acid namely C4HO3 (aconitic, fiimaric 
or equisetic acid) ; or as a compound of hydruret of benzoyl;^ 
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bydroeyanic and formic acids. It exists in large quantity in the 
urine of herbivorous mammifers^ and was first derived from 
that of the horse ; hence its name. 

To prepare it the fresh urine of the cow or horse is evaporated 
by a gentle heat, care being taken not to allow it to enter into 
ebullition ; it is then made sharply acid by means of hydro- 
chloric acid, and left to itself. The hippuric acid which crys- 
tallizes from this liquid is coloured and impure, but may be 
purified by adding a little hydrochloric acid to it with portions. 
of chloride of lime till the odour and colour disappear. 

Hippuric acid crystallizes in pretty large semi-transparent 
prisms of four sides and dihedral summits, which have a slightly 
bitter taste, and redden, litmus strongly. They fuse by heat 
into an oily liquid without loss of weight; at a higher tempe- 
rature the acid undergoes decomposition and is converted into 
benzoic acid and beill&oate of ammonia, which distil over in red 
drops, diffusing an agreeable odour like that of the Tonquin 
bean, which is occasioned by an oily product of the reaction y 
while towards the end of the distillation hydrocyanic acid 
appears and a porous residue of charcoal. Cold water dissolves 
%h<r of hippuric acid, hot water dissolves it very abundantly ; it 
is more soluble in alcohol, and very slightly soluble in 
ether. 

Hydrochloric acid dissolves hippuric acid without decompos- 
ing it; nitric acid converts it almost immediately into benzoic 
acid. Peroxide of manganese and sulphuric acid convert it, 
with the aid of heat, into carbonic acid, ammonia and benzoic 
add. Boiled with puce coloured oxide of lead, hippuric acid 
is converted into benzamide and carbonic acid. 

After the urine of the horse is left to itself for a long time, or 
evaporated rapidly, it contains benzoic acid and no hippuric 
acid. M. Liebig expresses an opinion that hippuric acid is not 
a product of the animal economy, but comes from the food of 
the animals, in which it may exist ready formed. For it is 
observed that the urine of horses living on green food, always 
furnishes hippuric acid, while the urine of animals fed on dry 
herbs or hay, which has undergone a kind of fermentation, 
contains only benzoic acid. Mr. Alexander Ure has since made 
the curious observation that benzoic acid taken internally by 
man is discharged in the urine as hippuric acid, while the pro- 
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portion of uric acid in the urine suffers at the same time a great 
diminution or is reduced to nothing.* 

The hippurates of the alkalies and alkaline earths are soluble 
and crystallizable. Those of the metals proper with the ex- 
ception of iron are very sparingly soluble in cold, but moite 
soluble in hot water and crystallize on cooling. Tlie stronger 
acids separate hippuric acid from all the hippurates ; distilled 
with lime or hydrate of potash they give ammonia with an oily 
liquid supposed to be benzin. 

PRODUCTS OF THE DECOMPOSITION OF BENZOYL COMPOUNDS* 

Hypomlphobenzotc acid, 2 HO + 01411403,8205; a bibasic 
acid discovered by MitscherCch. It is prepared by conducting 
the vapour of anhydrous sulphuric acid into a dry receiver con- 
taining benzoic acid aftd surrounded by cold water ; a viscid 
mass is formed like turpentine, which is taken up by water, and 
after the uncombined benzoic acid has subsided from the liquid^ 
the latter is neutralised with carbonate of barytes, and after 
evaporating the mixture, some hydrochloric acid is added to it ^ 
the acid hyposulphobenzoate of barytes crystallizes upon cooling* 
The free acid is obtained by precipitating the barytes of the last 
salt by sulphuric acid, filtering, evaporating the solution by the 
naked fire and finally in vacuo over sulphuric acid ; in this way 
the acid is obtained in a crystalline state. The crystals may 
be heated to 302^ without alteration, but at a higher tempera- 
ture they are decomposed. 

This acid forms both an acid and neutral dass of salts, the 
first containing one atom of water and one atom of metallic 
oxide as base, the other two atoms of metallic oxide. All these 
salts when distilled with an excess of hydrate of potash leave a 
residue composed of sulphate and sulphite with carbonate of 
potash, indicating the presence of hyposidphuric acid in the 
original compound. Acid hyposulphobenzoate of barytes crya- 
tallizes in oblique rhomboidal prisms, soluble in 20 parts of cold 
water, and containing 9.6 per cent of water of crystallization or 
3 atoms, which it loses at 212^. 

Neutral hyposulphobenzoate of barytes, 2BaO + C14H4O3, S^OsJ 
is obtained by boiling the acid salt with carbonate of barytes ; 

• Proceediugs of tbe Fliarmaceutical Meetings at Mr. Beirs, Part 1> rol. L 184.1. 
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it is more soluble than the former salt, but crystallizes with 
difficulty in a regular form. It will be observed that hyposul- 
phobenzoic acid is formed by the abstraction of the elements of 

1 atom of water from 1 atom of benzoic acid and 2 atoms sul- 
phuric acid, and that it retains the saturating power of 2 atoms 
of acid^ being bibasic. 

Nitrobemoic or benzo^tric acid, HO+C14H4O3, NO4; an 
add formed by the abstraction of HO from the elements of 
nitric acid and benzoyl. It is prepared by boiling benzoic acid 
with an excess of nitric acid, the first is dissolved and colours 
the fluid red ; deutoxide of nitrogen is evolved as an accidental 
product arising from the action of the nitric add on the nitro- 
benzoic add already formed. From the cold solution crystals 
similar to benzoic acid are deposited; the fluid eventually 
becomes a solid crystalline mass. At 50% 400 parts of water 
dissolve 1 part of the add, at 212^ 10 parts. It dissolves easily 
in alcohol and ether ; fuses at 260^6 (127^ centig.), but begins 
to sublime at 230^;^ the pure add sublimes unchanged ; chlorine 
has no action upon it. 

The mtrobenzoates are for the most part soluble in water and 
alcohol, crystalhzable, explode by heating, and when gently 
warmed give off nitrobenzide (C12H5NO4). Ammonia forms a 
neutral and acid salt. The salt of lime is acicular and contains 

2 atoms of water, which are driven off at 374^ The salt of 
barytes loses 4 atoms of water at 212®. The salt of strontian 
loses 2i^ equivalents of water at 266^. When acid nitroben- 
zoate of ammonia is added to a solution of sulphate of zinc, a 
gelatinous basic salt precipitates, containing 4 atoms of owide 
of zinc to 1 atom of acid. The filtered solution gives the 
neutral salt of zinc in crystalline plates, which contain 5 atoms 
of water. The salt of copper is a blue powder soluble in hot 
water, containing I atom of water. Besides a neutral nitroben- 
zoate of lecui, a remarkable sub-salt exists, in which 1 atom of 
oxide of lead is united with 5 atoms of the neutral salt. Nitro- 
benzoic acid forms fine crystallizable compounds with both 
oxide of ethyl and oxide of methyl. (Mulder, Mitscherlich.) 

Bromobenzoic add, 2HO + C^gHgBrOg ; a bibasic acid, dis- 
covered by Peligot, and formed by the action of 4 atoms of 
bromine upon 2 atoms of benzoate of silver : 
C28Hio08+2Ag and 4Br=C28H9Br08 and 2AgBr wid HBr* 
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When bromobenzoic acid is precipitated from its salts by a 
strong ttcid^ the latter assumes the two atoms of water of the 
bromobenzoic acid, which is thrown down anhydrous. The 
bromobenzoates are in general crystaUizable salts, that of the 
peroxide of iron is insoluble, and has the properties and appear- 
ance of the benzoate of iron» 

BENZOLE. 

Syn. Benzin, benzene^ phene. Formula Ci,!!^. 

Tliis compound, which is named benzole by Liebig, the 
termination ole being assigned to hydrocarbons, was originally 
obtained by Mr. Faraday from the condensed liquid of com- 
pressed oil gas and described under the name of bicarburet of 
hydrogen; more lately Mitscherlich found that it was the 
principal product formed on distilling benzoic acid with hydrate 
of lime, and named it benzin. By the abstraction of the 
elements of 2 atoms of carbonic add from 1 atom of crystallized 
benzoic acid : 

Benzole is prepared by distilling 1 part of crystallized benzoic 
acid with 3 parts of hydrate of lime ; rectifying die oily product 
by a second distillation with water, or better from quicklime. 
It is a limpid colourless liquid, of a peculiar ethereal odour 
which is agreeable; its density is 0.85; it boils at 186^.8 
(86® centig.) ; the density of its vapour is 2378, its combining 
measure 4 volumes; at 32® it becomes ji crystalline mass, which 
becomes hquid at 44®.6 (7*^ centig.) Benzole, is insoluble in 
water, soluble in alcohol and ether. It is not decomposed by 
any hydrated add. 

Sulphoberizide, C^^IIgSOj (Mitscherlich). Benzole like 
naphtaline affords several products when decomposed by 
acids. When exposed to the vapour of anhydrous sulphuric 
add it forms a visdd liquid, which dissolves entirely in a small 
quantity H}f water; on adding a larger quantity of water, sul- 
phobenzide falls as a predpitate, which, dissolved in ether, gives 
sulphobenzide crystallized, by evaporation. Sulphobenzide is 
a colourless substance, perfectly neutral ; it fuses at 212% boils 
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at a higher temperature and sublimes unchanged. In the for- 
mation of this substance 1 atom of anhydrous sulphuric acid 
and 1 atom of benzole abandon 1 atom of water : 

C,aHe and S03=Ci2H6S02 and HO. 

Hypomdphobensndic add, mlphobenzimc add, benzomlphuric 
add, HO, C12H532O5 ; this acid remains in the liquid which 
deposits sulphobenzide. It >s also produced on dissolving ben- 
zole in oil of vitriol, or in fuming sulphuric acid. It is a very 
acid liquid, which crystallizes, and resists a temperature of 
392^. It may be viewed as a compound of sulphobenzin with 
hydrated sulphuric acid. Hyposvlphobenzidate of copper forms 
laige regular crystals. (Mitscherlich). 

NUrobenzide, C12H5NO4, a liquid compound obtained by 
dissolving benzole to saturation in hot concentrated nitric acid ; 
on diluting the acid with water and allowing it to cool, the 
liquid separates and subsides to the bottom. At 59® nitroben- 
zide is yellow, has a sweet taste and the odour of cinnamon. 
Its density is 1.209, that of its vapour 4294; it boils at 433.''4 
(22s** centig.), crystallizes in needles at 37'*.4 (3* centig.). It 
is insoluble in water, soluble in alcohol and ether; dilute 
acids also dissolve it; alkalies do not decompose it. (Mit- 
scherlich). 

Azobenzide, C^^HgN, a volatile, red, crystalline substance, 
obtained on distilling an alcoholic solution of nitrobenzide 
with dry hydrate of potash. It is fusible at 149% and boils at 
S79*».4 (193* centig.). 

Chloride of benzole, CigHgClg, a crystalline substance, ob- 
tained on exposing benzole to chlorine gas, in sunshine; 6 
atoms of chlorine unite with the benzole without displacing any 
hydrogen. (Mitscherlich). 

Chlorobenzide, C12H3CI3, an oily liquid, obtained by distilling 
chloride of benzole from hydrate of lime. It boils at 410% its 
density is 1.157^ that of its vapour 637(^ 

Bromine forms analogous compounds with benzole. 

Benzone, C13H5O, one of the Uquid products of the distilla- 
tion of crystallized benzoate of lime : 



860 BENZOYL. 

1 at. of benzone . . . C13H10O 

1 at. of <carbonie acid . C O3 

1 at. of lime .... CaO. 



1 at. of benzoate of lime CwH. 0, + CaO. 



14' 



The crude product of the distillation contains also benzole 
and naphtaline, of the first of vrhich it is divested by heating it 
on a water-bath, and keeping it for a sufficient time at S92% 
and of the second by exposing the liquid thus obtained to a 
cold of — 4% when naphtaline separates. Benzone is oily and 
▼iscid; not altered by nitric acid and hydrate of potash, hnti 
decomposed by chlorine and sulphuric acid. (Peligot)« 

PRODUCTS OF THE DECOMPOSITION OF HYDRURET OF BENZOYL. 

Uydrobenzamide, C^J3iiJ^2> ^^ ^iJ^e^^- Hydruret of ben- 
zoyl is acted upon when mixed with twenty times its volume 
of a concentrated solution of ammonia in a vessel hermetically 
sealed, and kept for several hours at a temperature of 104^ to 
122^ (40 to 50^ centig.). A crystalline mass of hydrobenzamide 
is formed, which may be purified from the oil by washing with 
cold ether, in which hydrobenzamide is insoluble, dissolving 
the residue in alcohol, and evaporating at the usual temperature 
when hydrobenzamide is obtained in regular crystals. They 
are colourless octohedrons or rhomboidal prisms, which enter 
into fusion at 230®, and are decomposed by dry distillation 
leaving a residue of charcoal. The alcoholic solution is con- 
verted by boiling into ammonia and hydruret of benzoyl. This 
substance is formed by the abstraction of the elements of d 
atoms of water from 3 atoms of hydruret of benzoyl and 2 atoms 
of ammonia (Laurent) : 

3 (Ci^HgOa) and 2NH3=C42Hi8Nj and 6HO. 

The whole oxygen of the oil and whole hydrogen of the 
ammonia separate as water ; the formation of this substance is, 
therefore, different from that of an ordinary amide. It is, 
indeed, simply a hydruret of benzoyl, in which the 2 atoms of 
oxygen are replaced by Ni. 
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Benzhydramidey a crystalline substance, isomeric with hydro- 
bensamide. Azobenzdtle, C43H1SN29 or Cj4H5N.i. ; a white crys- 
talline powder^ soluble in alcohoL BenzoUic azotide, C14H5N, 
a white, insipid, crystalline powder, insoluble in boiling alcohol. . 
These three bodies were derived by Laurent from a yellow 
resinous mass, which is formed by the action of solution of 
ammonia, upon the crude essence of bitter almonds of com- 
merce* 

Hydruret of nUphobenzoyl, 0,411583 + H ; a body represent- 
ing the hydruret of benzoyl, of which the 2 atoms of oxygen of 
the benzoyl are replaced by 2 atoms of sulphur. M. Laurent 
has generally succeeded in preparing this compound by dis- 
solving 1 volume of the crude essence of bitter almonds in 8 or 
10 volumes of alcohol, and then adding gradually 1 volume of 
sulphuret of ammonium. The liquor becomes turbid in a few 
minutes, and allows a white powder to faU, similar to farina. 
By throwing this on a filter, and washing it several times with 
boiling alcohol, the hydruret of sulphobenzoyl is usually ob- 
tained pure. It is white, pulverulent, and composed of small 
rounded grains, like those of starch, without a trace of crys- 
tallization. Although apparently inodorous, it communicates a 
highly disagreeable odour to the hands. It is insoluble in water 
and alcohol, slightly soluble in ether. It is slowly decomposed 
by an alcoholic solution of potash.^ 

Hydruret of sulphazobenzoylj a crystalline compound, formed 
by dissolving essence of bitter almonds in 4 or 5 volumes of 
ether, adding to it 1 volume of sulphuret of ammonium, and 
leaving the whole for fifteen days or a month. It forms a 
white crystalline crust, which it is necessary to dissolve and 
crystallize from ether to purify it. Its analysis represents a 
compound of 6 atoms of hydruret of sulphobenzoyl with 1 atom 
of bydrobenzamide : 

6(C,4H,Sa+H) +C43H,8Na. 

Other views may be taken of the constitution of this sub- 
stance. On the theory upon which it is named by Laurent, it 

* Sar de Nouvelles combinaisons benzoiliqaes azotes et snlphur^s ; par M. 
Laarent. — Annalea de Chimie, &c. 3me S^rie, tome 1, p. 292. 
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is benzoyl in which the 2 equivalents of oxygen are replaced by 
2 equivalents made up of sulphur and nitrogen : 

C^HjS^Ni+H. 

Or^ multiplying the preceding formula by three, as 2 atoms of 
hydruret of sulphobenzoyl^ and I atom of hydruret of azoben- 
zoyl: 

2 (Ci.H^Sa + H) + (G^HgN* + H). 

In these formula, N^. is made equivalent to S or O, an opinion 
which M. Laurent has long maintained. 

Benzimide, C^gHjiNO^, a substance discovered by Laurent 
in crude essence of bitter almonds. It crystallizes in white 
needles, which have a pearly lustre and are very light. 

ISOMERIC COMPOUNDS OF BENZOYL. 

Benzotne, C|4Hg02, a crystalline substance, having the same 
composition as hydruret of benzoyl, into which the latter is 
often converted in a manner that is not understood. It h 
never produced in the pure hydruret of benzoyl, but is formed 
in the essence, which contains hydrocyanic acid, by the pre- 
sence of alkalies, sulphuret of sodium and cyanide of potassium. 
The essence may be converted entirely into benzoine, by mix- 
ing it with an equal volume of a solution of potash in alcohol 
kept cold. It is purified by repeated crystallizations from 
alcohol. 

Benzoine crystallizes in colourless prisms of high lustre, ii 
inodorous, tasteless, fuses at 248% and distils at a higher tem- 
perature without being modified. It is slightly soluble in hot 
water, but insoluble in cold, more soluble in hot than cold alcohoL 

Hydrobenzoinamickf a white powder, obtained by treating 
benzoine with solution of ammonia at a gentle heat, isomeric 
with hydrobenzamide (Laurent). 

Benzile, C^^Hfi^ a substance which crystallizes in regular 
six-sided prisms, of a rhombic base, and sulphur-yellow colour; 
formed by passing a stream of chlorine gas through fused ben- 
zoine, so long as hydrochloric acid is disengaged. It is ino- 



SYNAPTASE. 863 

doToas, tasteless, fiises between 194 and 197** {90 and 92** cent)* 
May be distilled, or dissolved in concentrated sulphuric acid 
without change. The aqueous solution of potash has no effect 
upon it, but the alcoholic solution converts it into benzilic acid 
(Laurent). 

Benzilic add, HO-i-CjsHjjOg ; may be separated from benzi- 
late of potash by an excess of hydrochloric acid. The acid 
crystaltizes on cooling, in colourless rhombohedrons, of high 
lustre^ or in long prismatic needles. It fuses at 248% and is 
decomposed at a higher temperature, giving a sublimate of ben- 
zoic acid, accompanied by violet vapours, and a residue of 
carbon. It forms a lively crimson solution in cold oil of vitrioL 
Benzilic acid contains the elements of 2 atoms of benzile and 
2 atoms of water, one of which remains basic to the acid, and is 
replaced in the benzilates by a metallic oxide. Benzilate of 
potash forms large limpid crystals, soluble in water and alco- 
hol. (Liebig). 

AzobenzcUde^ ^4al^i6^^2i> ^ white pulverulent substance, 
described by Laurent, but of which the composition is rather 
doubtful. 

CpanobenzUe, a substance which is deposited in transparent, 
voluminous crystals, when to an alcoholic solution of benzile, 
one third of its bulk of very concentrated hydrocyanic add is 
added^ and the whole gently heated. (Von Zinin). 

SYNAPTASE. 

The white of both sweet and bitter almonds consists, in a 
great measure, of a peculiar matter, very soluble in water, which 
was named synaptase by M. Robiquet. To prepare it, he 
directed sweet almonds, from which all the fat oil has been 
expressed, to b^ mixed intimately with twice their weight of 
water, allowed to macerate thus for two hours, and then to be 
submitted to pressure^ which is uniformly increased. The fil- 
tered liquid contains vegetable albumen, which is thrown down 
by acetic acid, and gum, which is precipitated by acetate of 
lead. A liquid remains, which contains some free acetic acid, 
acetate of lead, sugar and synaptase ; the lead is thrown down 
by sulphuretted hydrogen, and the synaptase by alcohol, while 
the free acid and sugar remain in solution. The precipitated 
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synaptase is washed with alcohol^ and dried in vacuo over sul- 
phuric acid. 

Dry synaptase is described as a yellowish white, opaque, 
homy mass, hard and friable ; very soluble in cold water. In a 
fresh solution, iodine produces a deep rose colour, without any 
precipitate. The solution of synaptase does not keep, but soon 
becomes turbid from the formation of a white precipitate, and 
acquires a mouldy odour. It is precipitated from solution by 
alcohol, in flocks, which redissolve in an excess of water. 
Adds do not produce a precipitate in its solution; at 140** it 
coagulates like albumen. It contains azote, and produces am- 
monia and a new acid in boiling solutions of the alkalies. The 
composition of synaptase has not been determined. 

A matter which, if a pure substance, is probably the same 
was obtained by Liebig and Woehler, and named emulsin, 
by treating an emulsion of sweet almonds with ether, to take up 
aU the fat oil, and then precipitating the transparent, syrupy 
liquid which remained, by alcohol, a white matter was abun- 
dantly thrown down, which formed, when dry, a horny, semi- 
transparent mass. This substance gives much ammonia when 
boiled with a solution of barytes or a caustic alkali. There are 
no means of determining the atomic composition of emulsin, 
but the following are the results of two analyses of it by Dr. 



Carbon . . 


. , 49.025 


48.555 


Hydrogen • . 


. ^ 7788 


7.677 


Oxygen . . 


. 24.277 


25.026 


Nitrogen . . 


. 18.910 


18-742 



100.000 100.000 

The reaction which occurs when synaptase and the amygdalin 
of bitter almbnds meet each other in solution is very remarkable, 
and a knowledge of it necessary to enable us to form a conception 
of the phenomena of the distillation of the bitter almond. I shall 
state here the latest view of it which has been taken by M. 
Liebig. On mixing a solutioYi of 10 parts of amygdalin in 100 
parts of water, with a solution of 1 part of synaptase in 10 
parts of water, a particular decomposition immediately takes 
place; the mixture becomes opalescent without losing its 
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tmnsparency ; acquires the odour of bitter almonds^ and gives 
on distillation hydrocyanic acid and hydruret of benzoyl with 
the Tapour of water. The residue is rendered turbid by coagu- 
lated synaptase, and on continuing the evaporation^ a very 
sweet liquid is obtained^ which contains crystallizable sugar. 
After destroying the sugar by fermentation, a fixed acid remains 
in the residue. The quantity of sugar obtained is more con* 
siderable than what the elements of the amygdalin could pro- 
duce; it would appear, therefore, that the elements of the 
synaptase contribute to its formation. The decomposition is 
not complete unless the amygdalin and synaptase are dissolved 
in a proper quantity of water ; if it is insufficient to dissolve the 
hydruret of benzoyl liberated, a corresponding quantity of amyg- 
dalin remains undecomposed. (Traits, p. 2/6). 

The constituents of the bitter almond are the fixed oil, which 
is separated by expression, and the synaptase and amygdalin, 
the two last in such a condition that they cannot re-act upon 
each other. When the almond cake is treated with boiling 
alcohol, the amygdalin is dissolved out, and the synaptase coa- 
gulated. When the cake is moistened with water, the odour of 
hydrocyanic acid, and of the essence are immediately perceived^ 
but the cake must be diffused through a certain quantity of 
water, in order that the mutual action of the synaptase and 
amygdalin may be complete, and that the whole of the last may 
disappear. In preparing the distilled water of bitter almonds 
of pharmacy, M. Liebig recommends that a mixture of 1 part of 
the cake and 20 parts of luke-warm water be made, and left to 
itself for twenty-four hours before submitting it to distil- 
lation. 

One atom of amygdalin contains the elements of (Liebig) : 

1 equiv. of hydrocyanic acid . , 

2 equiv. of hydruret of benzoyl 

i equiv. of sugar Cg 

2 equiv. of formic acid .... 
7 equiv. of water 

I equiv. of amygdcdin .... 
One hundred parts of amygdalin are said to yield 47 parts of 
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the crude essence of bitter almonds^ and these 47 parts to con- 
tain 5.9 parts of free hydrocyanic add. The last acid is hot 
indicated by nitrate of silver added to a solution of the crude 
essence in water, owing to the presence of the oil ; to obtain a 
precipitate of cyanide of silver, ammonia-nitrate of silver must 
be used, and the ammonia saturated with nitric acid, afler the 
lapse of some time. ' 

LaureUwater is prepared by distilling with water 2 parts 
of fresh leaves of the prunus laurocerasus, of which the three 
first portions are received; the product contains the same 
elements as the water of bitter almonds. The leaves contain 
amygdalin and another substance, which appears to act upon it 
when (^tilled with water, in a manner analogous to synap- 
tase. 



CHAPTER V. 



ESSENCE OF CINNAMON AND BODIES DERIVED FROM IT, 



CINNAMYL SERIES OF COMPOUNDS. 

Cinnamyly C^^^O^=^Ci'y the hypothetical radical of the es- 
sence of cinnamon and of cinnamic acid. 

Essence or oil of cinnamon. — According to the recent deter- 
minations of M. Mulder, C^oH^O is the formula for oil of 
cinnamon derived from the cinnamon of Ceylon, of Java and 
China, and of the flowers or bark of the cassia-tree. This 
essence absorbs oxygen from the air, and forms cinnamic acid^ 
two difiierent resins and a new oil CigHgO^, which appears to be 
the substance examined, and considered as oil of cinnamon by 
MM. Dumas and Peligot. The two resins have the compo- 
sition C3QH15O4 and Cj^HioOj. 

This oil is obtained by distilling with water the bark of the 
Laurus cinnamoneum, or the flowers and bark of the cassia. It 

* Journal de Pharmade, (. 26, p. 549. 
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is yellow, becoming brown in air, with ihe odour of cinnamon, 
and a sweet and burning taste, its density 1.008 at 77% boiling 
point 428^; it becomes solid at 25^ It is slightly soluble in 
water^ and the solution produces with iodine and iodide of 
potassium^ reddish brown crystak, of a metallic lustre, contain- 
ing, according to Dr. Apjohn, KI+6 (CiH, I). The oil 
dissolves completely in potash, and affords on distillation an 
oil, lighter than water CigHioO,, while the residue contains 
dnnamate of potash, and a black matter (Mulder). The bleach- 
ing chlorides convert essence of cinnamon into benzoic acid. 

Cinnamic add, HO + CigH^Os^HO + CiO. This add is 
formed by the oxidation of the essence of cinnamon in air, or by 
dissolving the oil of the balsam of Peru in an alcoholic solution 
of potash, evaporating to dryness^ dissolving the residue of 
cinnamate of potash in boiling water, and liberating the cinna- 
mic acid by an excess of hydrochloric acid. The cinnamic acid 
crystallizes on cooling in tufts of crystals, which are colourless, 
and have an aromatic and very acrid taste. The crystals fuse 
at 264'*.2 (129^ centig.) enter into ebullition at 554% and distil 
over as a heavy oil, which fixes on cooling ; they sublime at a 
lower temperature. Cinnamic acid is less soluble, both in cold 
and hot water, than benzoic acid, which it considerably resem- 
bles ; very soluble in alcohol and ether ; from alcohol it crystal- 
lizes in large rhomboidal prisms, which are hard and very 
fnable. It may be distinguished from benzoic acid by nitric 
acid, which converts it into hydruret of benzoyl and nitro- 
dnnamic add ; dnnamic acid also does not combine with sul- 
phuric add as benzoic acid does. The salts of cinnamic acid 
are monobasic, and have a great analogy to the benzoates. (Du- 
mas and Peligot^ Mulder). 

NitrO'Cinnamic acid, HO-j-CigH^O,, NO4; produced by the 
abstraction of HO from the elements of cinnamic acid and nitric 
acid. This acid is prepared by adding cinnamic add in powder 
to strong nitric acid, preventing the temperature from rising 
above 140®. The dnnamic add is at first dissolved; the 
mixture soon becomes hot, and a crystalline substance sepa- 
rates; the latter is washed with water, dissolved and crys- 
tallized from alcohol. Nitrocinnamic add is white with a shade 
of yellow, fuses at 518°; heated above that temperature, it 
boils and is decomposedi This add is almost insoluble in 

2 L li 2 
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boiling water; it is also but sparingly soluble in alcohol, 
requiring 327 parts of alcohol to dissolve it at 68^, while cinna- 
mic acid is soluble in 4.2 parts, benzoic acid in 1.96^ and 
nitrobenzoic acid in somewhat less than its own weight. 

The alkaline nitrocinnamates dissolve easily in water; the 
other salts are either soluble with difficulty or entirely insoluble; 
they explode when heated. The ether of this acid is formed 
by heating the latter with 20 parts of alcohol and a little sul- 
phuric acid for several hours, at a temperature not exceeding 
17&*. Tlve acid is dissolved, and the liquid on cooling deposits 
the nitrocinnamate of oxide of ethyl in prismatic crystals. This 
ether meks at 276®.8 (136*^ centig.), and boils at 572** but is 
then partly decomposed ; it is not decomposed by ammonia. 

When more than 1 part of ciunamic acid is added to 8 parts 
of nitric acid, the temperature rises above 140®, and nitro* 
benzoic acid is formed, with another acid not yet examined. 
(Mitscherlich.) 

Hydruret of cinnamyly Ci8H80a=HCi ; an oily liquid ob- 
tained on adding water to the nitrate of hydruret of cinnamyl $ 
discovered by Dumas and Peligot. 

Nitrate of hydruret of cinnamyly C^gHgOa-f H0,N05 ; a 
compound formed on treating the essence of cinnamon of China, 
with concentrated and colourless nitric acid. The crystals first 
obtained are purified by pressure in paper, and afterwards 
crystallized firom alcohol; it forms long oblique rhomboidal 
prisms, perfectly pure and colourless. This compound soon 
alters by keeping, disengaging nitrous acid and the hydruret of 
benzoyl ; this decomposition is hastened by beating the com- 
pound slightly. 

ChlorocinnosCf C18H4CI4O2. — ^This name is given by Dumas 
and Peligot to a chlorinated product of the essence of cinnamon. 
It is a volatile solid compound, crystalline and colourless at the 
usual temperature, which enters into fusion at a moderate heat 
and sublimes without residue. It is neither altered by concen- 
trated sulphuric acid nor by gaseous ammonia. 

Oil of the balsam of Peru, — This oil is obtained by treating 
2 volumes of the balsam with 3 volumes of a solution of caustic 
potash of density 1.3, and floats over a dark watery fluid 
(Stoltz and Wemher)* It is purified by distillation. This oil 
is termed cinnameine by M. Fremy. When boiled with an 
alkali it is transformed into cinnamic acid, and an indifferent 
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substance tcr which Fremy has applied the name peruvine. This 
last is an oily colourless Uquid lighter than water ; its composi- 
tion is expressed by Ci^HjaOa. Fremy finds the balsam of 
Tolu to contain the same bodies as the balsam of Peru. Ac- 
cording to Richter the balsam of Peru contains two different 
oils, one of which is soluble in alcohol of 75 . per cent and is 
called by him myriospermine, the other oil which is insoluble he 
names myroxiline. On treating the first with an alcoholic solu- 
tion of potash^ an acid is formed different in its capacity of 
saturation, according to Richter, from cinnamic acid, and which 
he names myriospermic acid. Its atomic weight deduced from 
the salt of silver is 1553.85. 



CHAPTER VI. 

x 

SAUCIN AND BODIES OBTAINED FROM ITS DECOMPOSITION. 



SECTION I. 
SAUCIN. 

Formula: C^^^^^^^^^T^as^ie + ^^O^ (Mulder). 

This neutral crystallizable substance was discovered by 
Buchner and Leroux in the bark of the Salix helix. It is con- 
tained in the bark and leaves of all the species of willow which 
have a bitter taste^ and in some poplars. To prepare salicin 
the fresh bark or dry ground bark is boiled with water till a 
strong decoction is made ; to the concentrated and boiling decoc- 
tion oxide of lead is gradually added till the liquid is colourless. 
6um^ tannin and all extractive matters which may interfere with 
the crystallization of the salicin are thus carried down by the 
oxide of lead. The oxide of lead dissolved is then removed first 
by means of sulphuric acid, and then by sulphuret of barium. 
The liquid is crystallized by evaporation and the salicin made 
perfectly white by the use of charcoal and repeated crystalliza- 
tions. The sulphuret of lead which is precipitated in the 
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process also assists as a decolorising agent. The barks which 
contain much salicin yield it at once in crystals^ when they are 
exhausted by cold water and the extract evaporated with can- 
tion^ according to Merck. 

Salicin crystallizes in delicate colourless needles of a silky 
lustre, which have a bitter taste^ and no action on vegetable 
colours. It is persistent in air^ loses nothing at 212^, fuses at 
248% and is decomposed by a higher temperature. Salicin is 
soluble in 5 or 6 times its weight of cold water, in much less 
boiling water, is very soluble in alcohol^ but insoluble in ether 
and oil of turpentine. It dissolves purple red in concentrated 
sulphuric acid, a property by which it may be. recognised even 
in the dry bark, the latter being stained red by sulphuric acid 
when it contains salicin. 

Salicin does not combine with acids, nor possess alkaline pro- 
perties. It is thrown down by the ammoniacal acetate of lead 
as a white precipitate, in which according to Piria 6 atoms of 
water belonging to salicin are replaced by 6 atoms of oxide of 
lead ; but according to Ettling, the quantity of oxide of lead is 
not constant but increases with the washings to which the 
precipitate is submitted. 

Saliretin, C30H15O74-HO. — When raised to the boiling point 
with dilute sulphuric or hydrochloric add, the solution of salicin 
soon becomes turbid, and allows a yellowish substance to fall 
having the consistence of a resin, which is saliretin. When 
prepared with concentrated acids, the product wants the atom 
of water represented in the formula, or is anhydrous. In this 
decomposition 1 atom of hydrated salicin is resolved into 1 atom 
of saliretin and 1 atom of grape sugar, which last is found in 
soluti<)n. 

Saliretin is insoluble in water, and precipitated by that liquid 
from its solution in alcohol, in ether or concentrated acetic add, 
in aU of which it is very soluble. It is not soluble in ammonia, 
but is dissolved by the fixed alkalies and predpitated from them 
by adds. Saliretin is coloured blood-red by concentrated sul- 
phuric add ; by nitric add it is converted into carbazotic add. 
(Piria). 

Chorinated salicin, chtorosalicin. — ^Two compounds have been 
obtained by treating a solution of salicin by chlorine, one a 
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crystalline yellow powder, C^2^^Clfi229 produced at the ordi- 
nary temperature; the other formed about 140*, a red oily 

Hquid, C^HisCl^Ois- 

RuHSn. — ^This name is applied by Braconnot to the product 
of the decomposition of salicin by sulphuric acid. Alkalies 
change its tint to a deep purple* 

SECTION II. 

SAUCYL SERIES OF COMPOUNDS. 

SaUeylf Ci4H504ssSa ; the hypothetical radical of salicylous 
add, salicylic acid and some other compounds: equivalent to 
benzoyl plus 2 atoms of oxygen.* 

SaUcyloui acid, tpirdUkydric acid, H + C,4H504=H,Sa. This 
substance was obtained by M. Piria by distilling salicin with 
dilute sulphuric acid and bichromate of potash, and has been 
shewn by Dumas and by Ettling to be the principal constituent 
of the oil obtained by Pagenstecher by distilling the flowers of the 
Queen of the meadow {spiraa tdmaria), and which M. Loewig had 
analysed and described under the name of spiroilhydric acid. 

The proportions lately recommended by Dr. Ettling for 
preparing salicylous add from salidn are : 

3 parts of salicin 

3 parts of bichromate of potash 

4i parts of concentrated sulphuric add 

36 parts of water. 

* The name salicyl was applied hy IHimaa and Pfria to tbii hypothetical 
ndtcaly which was viewed aa a higher degree of oxidation of bensoyL The oil of 
apiraea nlmariay or aalicyloua acid* ii represented as the hydruret of this radical, 
which also exbts in combination with potassiara, &c^ in the salicylites. An objec- 
tion to and source of some confusion attending this view is that it represents 
salicyl as a salt radical or halogen body, combining directly with metals, and not 
as a baayle, like bensoyl, ethyl» and the other radicab with which it is associated. 

M. Liebig points to an explanation of the isomerism of salicylous and benzoic 
acida and their salta, in the circumatance that while benzoic acid is monobasic, 
■alicyloua acid may hare its equivalent multiplied by 2 or by 3, and be a bibasic 
or atribaaic add. This supposition^ however is not supported by the density 
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The bichromate of potash and salicin are intimately mixitd, 
and after pouring oyer them two thirds of the water, the whole 
being well agitated in the retort, we add all at once the sul- 
phuric acid previously diluted with the reioaining third of the 
water, and agitate again. A feeble reaction slowly manifests 
itself, accompanied by a slight disengagement of gas, which 
lasts about half an hour or perhaps three quarters of an hour, 
when an ounce is employed for each part ordered ; at the same 
time the liquid assumes an emerald tint and becomes warm. As 
soon as that reaction has ceased, the retort is placed upon the 
fire and moderately heated. The water Tapour carries over the 
salicylous acid, which separates after some time. It is purified 
by washing it with water and rectifying from chloride of calcium. 
From half a pound of salicin Dr.^Ettling obtained two ounces 
of the oil.* 

Salicylous acid is an oily inflammable liquid, colourless or 
slightly yellow, having a burning taste, and agreeable aromatic 
odour; of density 1.1731, becoming solid at — 4® (Loewig) ; it 
boils at 385^.7 (196^5 centig.) when prepared from salicin 
(Piria), while the oil from the flowers of the Spircea boils at 
359^6 (182*» centig.), according to Ettling. The density of its 
vapour is by observation 4276 ; by calculation 4260, or the 
same as that of benzoic acid. It dissolves easily in water, and 
may be mixed with alcohol and ether in all proportions ; its 
solution in water reddens tincture of litmus, and discolours it 
after the lapse of some time. It is decomposed by sulphuric 
acid 5 also by chlorine, one atom of hydrochloric acid being 
formed and eliminated, and one atom of chlorine substituted for 
the hydrogen, as usual. When heated with an excess of 
hydrate of potash, salicylous acid is converted into saUcylate of 
potash, with an escape of hydrogen gas. Potassium abo when 
slightly heated in it, gives the same products. 

Salicylous acid is recognised by producing a violet colour with 
salts of peroxide of iron, which disappears after some time. In 
the saUcyliteSy the atom of hydrogen of the formula of salicylous 
acid is replaced by a metal. The salts of the fixed alkalies 

of salicylous acid in the state of rapour, which is the same as that of benzoic , 

acid. 

* Liebig*8 Annalen xxzr, 241 ; or Annales de Chimie, &c., 3me S6ne, L l, P- 4^* 
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arid ammonia are described as soluble and possessing an alkaline 
reaction^ all the others as insoluble ; most of them as yellow 
and containing water of crystallization. The salts of lead and 
copper are anhydrous. The neutral salt of soda contains 2 atoms 
of water which it loses at 248% the salt of barytes contains 2 
atoms of water. They are all decomposed by strong acids, and 
salicylous acid set at liberty. Dr. Ettling describes an acid salt or 
bisalicyhte of potash having the same composition as the biben- 
Eoate of potash; also a corresponding salt of soda, both of 
which form colouriess acicular crystals. 

SaticyUmidey salhydramide C^^^Jd^^^ This body is pre- 
pared by dissolving salicylous acid in three or four times its 
volume of cold alcohol, and adding a quantity of aqueous solu- 
tion of ammonia, equal to that of the salicylous acid employed. 
Yellowish white needles are immediately produced, and the 
liquid soon becomes a solid mass. By a gentie heat the whole 
is re^dissolved and crystals of salicyUmide are deposited on cool- 
ing. This body is insoluble in water ; it is soluble in 50 parts 
of boiling alcohol, but very slightly soluble in cold alcohol ; its 
solution has a strong alkaline reaction. Solutions of alkalies 
and acids act upon salicylimide, with the aid of heat, as they do 
upon amides, reviving the ammonia and acid. 

In the formation of this compound 3 atoms of salicylous 
acid unite with 2 atoms of ammonia, while 6 atoms of water 
containing all the hydrogen of the ammonia are abandoned ; 
2 atoms of nitrogen are thus substituted for 6 atoms of oxygen, 
in the formation of salicylimide. It may be represented as 

3HO + C4aHi5^3 or dividing by three; 
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Salhydramidide of copper, Ci^HgNOjCu; or HjCj^HgNO 
4-CuO. This remarkable compound is represented in the 
last formula as a salicylous acid, in which 3 atoms of 
oxygen of the salicyl are replaced by 1 atom of nitrogen, 
and this is combined with 1 atom of oxide of copper. It 
is obtained in a state of purity on mixing a solution of salhy- 
dramide, the preceding compound, very dilute and slightly 
cooled, with the ammoniacal acetate of copper. The liquid 
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immediately assumes an emerald green ooloxtr, and soon deposits 
Tery brilliant plates of tiie same coloar while at the same time 
die liquid becomes colourless* When this salt is heated with 
concentrated adds, it gives a salt of copper and an ammoniacal 
salt, while the hydrated salicylous acid is set at liberty* Pbtash 
ley does not decompose this salt except imperfectly ; solpbn- 
retted hydrogen not more completely, even after one or two 
hours' action. If, however, it has first been made to boil widi 
an acid, the decomposition by sulphuretted hydrogen is in- 
stantaneous. 

SalhydramUUde of (ran, 3 (H,C,4H^NO) + Fe^Os. This com- 
pound, which Dr. Ettling succeeded in forming, is analogous 
in composition to the copper compound. It precipitates in red 
flocks, which gradually acquire some lustre, becoming granular. 
Hydrochloric add does not alter it in the cold, but when the 
acid is pretty concentrated and assisted with heat the compound 
is dissolved and salicylous add separated. 

Salhydramidide of lead* There appear to be two compounds 
of salhydramide with oxide of lead, but they have not been 
obtained in a state of purity. 

Melanic acid (anhydrous), C]oH405. Salicylite €£ potash 
exposed in a humid state to air absorbs oxygen and undergoes 
decomposition, becoming first green and then black. The only 
products are acetate of potash and an insoluble black powder 
resembling lampblack, which Piria terms melanic acid. This 
add contains no water of combination ; it is soluble in alcohol 
and ether, and very soluble in alkalies. 

Salicylic acid, HO -f €1411505= HO,SaO. This add is pro- 
duced by heating salicylous acid mtix ah excess of dry hydrate 
of potash, till the brown mass becomes white, which is attended 
with the escape of hydrogen gas. The salicylic add is liberated 
by adding an excess of hydrochloric acid, and is purified by 
repeated crystallizations. Thb add crystallizes both firom solu- 
tion and sublimation very much like benzoic acid. It may be 
volatilised without decomposition. It is sparingly soluble in 
cold water, very soluble in hot water and in alcohoL It reddens 
vegetable colours and decomposes the alkaUne carbonates. 
Salicylate of silver is an insoluble white predpitate, anhydrous. 
(Piria). 

Chlorosalicylie add, chhride of saUcyl, chloride qf sptroUe ; 
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C]4H504,C1. This compound is formed by passing a current 
of dry chlorine through dry salioylous acid. It crystallizes in 
yellowish oblique rhomboidal tables of a pearly lustre and 
peculiar aromatic odour. It fuses and sublimes unaltered. It 
combines directly with the alkalies^ and is precipitated from 
these combinations by acids without undergoing the smallest 
change. This acid itself has been compared with the chloro* 
chromic^ and these salts viewed as salicylates of metallic 
chlorides. 

ChlorasalicyUmide, cUorosamide, C^jHi^CljOgNj ; is salicy- 
limide in which 3 atoms of hydrogen are replaced by 3 atoms 
of chlorine. It is a yellow mass insoluble in water, formed by 
directing a current of ammoniacal gas upon chlorosaUcylic acid^ 
so long as water is disengaged. 

Corresponding bromosaUeylic and iodosaUcylic acids exist, 
which undergo the same transformations with ammonia. 

NUrosaUcylic acid, spirotlic acid (Lcewig) ; C14H5O8N. Fum- 
ing nitric add has a violent action upon salicylous acid, nitrous 
fumes are abundantly evolved, with the formation of a dark 
yellow mass, which volatilises when distilled with water ; this 
matter has not been analysed. When, on the other hand, 
nitric acid of ordinary strength is digested upon salicylous acid, 
peroxide of nitrogen is evolved^ and a crystalline mass remains, 
which may be purified by washing it with water and then dis- 
solving it in alcohol. Nitrosalicylic add crystallizes in small 
yellow prisms, the alcoholic solution of which dyes the skin 
and nails yellow ; it forms crystallizable salts with the alkalies ; 
ammonia produces with it a deep blood red colour; with the 
perchloride of iron it assumes a cherry red tint. Its salts have 
not been sufficiently examined; their probable formula is 
MO+Ci4H403,N04. 



CHAPTER Vn. 



PHLORIDZIN AND THE BODIES DRRn^SD FROM IT. 

I 

Formula, C43H^Oa4=C^Ha30i8 + 6HO, according to Mulder, 
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Erdmann^ Otto. But 03311,50,3+ 6HO, and ^en dried, 
C32H,50|2+3HO, according to Stass. 

This substance which very much resembles salicin, was dis^ 
covered by De Kceninck and Stass in the bark of the root of the 
apple, pear^ cherry^ and plum tree. It has been considered as 
crystallized salicin plus 2 atoms of oxygen. It is extracted 
from the bark cut into small pieces^ by digestion in alcohol of 
80 per cent, at 1 76*. It is crystallized by distillation of the 
alcohol, solution and coolings and purified by means of animal 
charcoal. 

Phloridzin crystallizes in colourless silky prisms of a square 
base, of density 1.4298, which are neutral, having a bitter 
astringent taste, are soluble in 1000 parts of cold water, and in 
all proportions in hot water, are soluble in alcohol and almost 
insoluble in ether. Phloridzin loses 4 atoms of water of crys- 
tallization at 212®, fuses at 320®, and is not decomposed below 
392® (200® centig.). It produces a white precipitate in solution 
of subacetate of lead. It dissolves a large quantity of hydrate 
of lime, and gives by evaporation in vacuo a yellow crystalline 
mass, of which M. Ldebig infers the composition to be 
C42H230,s+3CaO,3HO, from an analysis by Stass. Phloridzin 
is a febrifuge like salicin. 

Phloretin, C^VL^^O^q. When a solution of phloridzin is 
boiled with a little of any acid whatever, except nitric and 
chromic acids, it is converted into grape sugar, and the present 
compound, which separates from the solution as a crystalline 
powder. Phloridzin thus undergoes a similar change with 
salicin, by the action of acids. 

Nitrophhretic acidy phloretic acid (Stass), CjoHjaOigN; an 
uncrystallizable matter of a puce colour, obtained by the action 
of nitric acid on phloridzin. It is soluble in alkaline solutions, 
and precipitated again by acids. 

PhlorizeiUf C42H29O26N2; a red substance soluble in am- 
monia, which is obtained by the joint action of air and am- 
monia on humid phloridzin. The addition of 8 atoms of oxygen 
and 2 atoms of ammonia to the elements of anhydrous phlo- 
ridzin, gives exactly the composition of phlorizein. This com- 
pound also unites with L atom of ammonia, when dissolved in 
its solution and evaporated in vacuo with sticks of potash, and 
forms a purple blue powder, of a coppery lustre, very soluble 
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in cold VBter^ of which the solution has a magnificent blue 
colour (Stass^ An. de Chim. Ixix. 367)« 



CHAPTER VIII. 



GLYCERIN. 



Glyceryl^ C6Hy=Gl; a hypothetical radical admitted by 
Liebig to exist in the substance long known as glycerin, which 
is found combined with various acids in the fat oils. Glycerin 
is considered as a compound of glyceryl with 5 atoms of 
oxygen and 1 atom of water^ or the hydrated oxide of 
glyceryl. 

Hydrate of oxide of glyceryl, glycerin; CgHyOg + HO. 
This substance was first observed by Scheele, and distinguished 
by him as the sweet principle of oils, its function in the constitu- 
tion of oils and fats was developed by Chevreul, and its compo- 
sition carefully determined by Pelouze*. It forms a base to the 
oleic, stearic, and margaric acids of the fat oils and tallow, and 
is separated when those acids are made to combine with an 
alkali or any metallic oxide, in the saponification of the oils. 
It is conveniently prepared in saponifying oil of olives with 
oxide of lead and a little water^ by boiling them together ; the 
liberated glycerin dissolves in the water, while the soap of 
oxide of lead is insoluble. The glycerin is accompanied by a 
small quantity of oxide of lead in solution, which may be pre- 
cipitated by sulphuretted hydrogen. Or when an oil is con- 
verted into a soap by boiling it with water and an excess of 
alkali^ the soap comes to the surface being insoluble in the 
alkaline liquor. The latter, which contains the glycerine in 
solution, may be drawn ofi^, the free alkali be neutralised with 
sulphuric acid, and the solution evaporated to a syrup, from 
which strong alcohol dissolves out the glycerin. If the 
product is coloured it may be purified by means of animal 
charcoal, evaporated by a water-bath, and afterwards in vacuo 
over sulphuric acid. 

• Ann. de Chim. et de Pbys. t« 63. p. 19. 
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Glycerin is thus obtained as a syrup, colourless or slightly 
yellow and uncrystallizable, inodorous, very distinctly sweet, 
of density 1.252 to 1.279 attracting moisture from the sir, and 
miscible in all proportions with water and alcohol, but insoluble 
in ether. It rises in small quantity with the vapour of water, 
but cannot be distilled without partial decomposition. When 
heated in air glycerin bums with a luminous flame. It pos- 
sesses an extraordinary solvent power, scarcely inferior to that 
of water itself. It dissolves the deliquescent salts, and many other 
salts which are not deliquescent, as sulphates of potash, soda 
and copper, nitrates of silver and potash, the alkaline chlorides, 
hydrates of potash and soda, and the vegetable acids. Nitric 
acid converts it slowly into oxalic acid ; peroxide of manganese 
with sulphuric acid into formic and carbonic acids. Its so- 
lution in water does not undergo any change by keeping, and 
is not fermentable by yeast. Glycerin is decomposed when 
boiled with a solution of sulphate of copper, and metallic copper 
precipitated. It is not precipitated by subacetate of lead, but 
is itself when hot capable of dissolving oxide of lead. With 
potash it forms a compound soluble in alcohol; it combines also 
with barytes. 

It is acted upon by chlorine and bromine ; the latter forms, 
with hydrobromic acid, a heavy oily ethereal liquid, CijHuBrj 
OjQ, soluble in alcohol and ether. With chlorine, the product is 
a white solid flocculent substance, C^gHi^ClsOiQ. 

Acid sulphate of oxide of glyceryly sulpkoglyceric add; 
HO. CgHyOg + SjOg. When glycerin is mixed with twice its 
weight of concentrated sulphuric acid, combination takes place 
with the evolution of much heat, but without charring. The 
liquid when diluted and neutralised with carbonate of lime ^ves 
a precipitate of sulphate of lime, which is separated by filtration, 
while sulphoglycerate of lime remains in solution. The acid 
may be isolated by cautiously precipitating the lime by means of 
oxalic acid. But it cannot be preserved, for it is gradually 
decomposed and converted into hydrate of oxide of glyceryl and 
sulphuric acid ; the change takes place still more rapidly when 
the liquor is slightly heated. Even when newly prepared, this 
acid liquid precipitates Ume and barytes from their salts. 

Sulphate of owide of glyceryl and limCj CaCC^H^Og+S^O^, 
(Pelouze.) ' It is deposited from its solution evaporated to the 
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connstence of a syrap in prismatic needles or colourless plates, 
which are insoluble in alcohol and ether. The salt of lead has 
a composition analogous to that of lime. The solutions of both 
of these salts are decomposed by ebullition, and resolved into 
insoluble sulphates and hydrated oxide of glyceryl. 

M. Liebig makes the remark that oxide of glyceryl probably 
exists in nature combined with other acids besides those of the 
fats. Thus a benzoate of oxide of glyceryl would possess the 
same composition as picrotoxin; mannite even might be an 
oxide of glyceryl. (Trait^ I. 602.) 



CHAPITER VIII. 

ETHALy AND THE CETYL SERIES OF COMPOUNDS. 

Spermaceti differs from the other natural fats in affording a 
peculiar substance, first observed by Chevreul, instead of 
glycerin, when saponified by an alkaJi. This substance was 
named ethal* by MM. Dumas and Peligot, who consider it the 
alcohol of a new series of compounds, of which the radical is 
cetyl ; or ethal is the hydrate of oxide of cetyl. 

Formula of cetyl C32H33=Ct. Has not been isolated. 

Hydrate of oxide of cetyly ethal ; C32H33O + HO. To liberate 
ethal from spermaceti, the latter is digested with an equal 
weight of hydrate of potash dissolved in 2 parts of water, at a 
temperature not exceeding 200^ for several days. The soap 
thus formed which consists of oleate and margarate of potash- 
with ethal, is then decomposed by dilute sulphuric acid, which 
gives a fiitty tnass, composed of the oily acids and ethal in. a 
state of mixture and not of combination ; it is washed well with 
boiling water, and then boiled with barytes water in excess, 
which forms insoluble soaps with the oleic and margaric acids ; 
and ethal is dissolved out by means of cold alcohol, which is 
afterwards distilled off. The ethal is dissolved in ether, to 
separate a trace of adhering barytic salts. 

* A word formed of the first syllables of ether and alcohol. 
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Ethal is deposited from an alcoholic solution in crystalline 
plates; it fuses above 118% and solidifies at that temperature, 
forming a white crystalline mass. It is volatile, and may be 
distilled without decomposition. It is insoluble in water, 
soluble in alcohol and ether, neutral and does not combine with 
acids or alkalies. It is decomposed by nitric acid, and combines 
with sulphuric acid. 

Chloride o/cetyl; C3aH33,Cl=CtCl.— An oily liquid, formed 
by the action of perchloride of phosphorus on ethal. 

Acid sulphate of oxide of cetyl; HO.CtOjSjOs. — This com-', 
pound is formed when ethal is heated with strong sulphuric 
acid. It forms double salts when neutralised with bases. Sul^ 
phate of ojpide of cetyl and potash^ KO.CtOjSjOg, is prepared 
by adding an alcoholic solution of hydrate of potash to the 
preceding compound, sulphate of potash precipitates, and the 
salt in question remains dissolved in the alcohol, from which 
it is deposited in white pearly scales. (Dumas and Peligot, 
Annales de Chimie, &c., Ixii, 5.) 

Ethalic acid^ HO + C32H31O3. This compound, the acetic 
acid of the cetyl series, was formed by M. Dumas, by mixing 
1 part of ethal with 5 or 6 parts of the mixture of hydrate of 
potash and quicklime, and heating to 410® or 428® (210® or 
220® centig.), for five or six hours. Hydrogen gas is evolved, 
and the ethalate of potash formed. The last is decomposed by 
hydrochloric acid, and the ethalic acid, which separates in flocks, 
purified by boiling it with the acid liquid, and repeatedly with 
water, converting it into ethalate of barytes, and treating the 
last with boiling alcohol, to dissolve out undecomposed ethal. 
The ethalate of barytes is then decomposed by hydrochloric 
acid, and the liberated ethalic acid purified by solution in 
ether. 

Ethalic acid is solid, white, inodorous, tasteless, lighter than 
water. Fused by heat, it solidifies at 101®, and then presents 
itself in the form of small brilliant needles, in groups radiating 
from a centre. It is insoluble in water, but is dissolved largely 
by alcohol and ether. When heated in a little capsule, it boils 
like ethal, and is volatilised without leaving any residue. 

All the ethalates are insoluble in water or alcohol, except 
those of potash, soda, and ammonia. The insoluble ethalates 
are prepared by precipitating the metallic salts dissolved in 
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alcohol, by an alcoholic solution of ethalate of potash or soda. 
The ethalates of the alkalies are decomposed by a large quan- 
tity of water, altJiough they dissolve in a small quantity without 
change. (Dumas and Stas, An. de Chim. &c. Ixxiii, 124). 

Ceiene, C32H33. This hydrocarbon was obtained by MM. 
Dumas and Peligot, by distilling ethal repeatedly with glacial 
phosphoric acid, which deprives the former of 2 atoms of water. 
It is an oily, colourless Uquid, boiling at 527* ; the density of 
its vapour is, by experiment, 8007 ; by calculation, supposing 
its combining measure 4 volumes, 7B4S. It is insoluble in 
water, soluble in alcohol and ether. 



CHAPTER VII. 

other indifferent substances. 
Class i. Ordinary Constituents of Plants. 

SECTION I. 

PECTIN. 

Formula : HO+C^^Hi^Oii. "^^^ name was applied by Bra- 
connot to a principle which forms the basis of vegetable jelly.* 
It is extensively difiiised in the juices of pulpy fruits and roots, 
espedaUy at the time of their maturity, and occasions these 
juices to coagulate, when mixed with alcohol or boiled with 
sugar. It may be prepared from apples, for instance, by heating 
the juice with a little albumen till the latter coagulates, filtering, 
and precipitating the pectin by a considerable addition of alcohol 
to the liquid. By a second solution in water, and precipitation 
by alcohol, the pectin is completely purified. When only a 
small quantity of alcohol is added to the watery solution, the 
juice fixes as a jelly after an interval of one or two days. 

After being washed on a filter and dried, pectin is semi- 
transparent, and has a considerable resemblance to isinglass. It 

* Vrom miKTigt coag-ulum. 

2mm 
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is insoluble in alcohol, soluble in water, the solution is neutral 
to test paper, insipid or tasteless ; it is not adhesive like gum 
arable. The dried pectin swells up in water, and more readtlj 
in cold than in hot water ; with one hundred times its weight of 
water it forms a jelly, with a larger quantity only a gelatinous 
liquid. It resembles vegetable mucilage in many of its pro- 
perties ; with nitric acid it first forms saccharic acid, afterwards 
mucic acid. It is dissolved by an excess of alkali, and converted 
into the following isomeric acid. 

Peciic add. This substance is conveniently obtained by 
grating yellow carrots to a pulp, expressing the juice, washing 
the marc several times successively with distilled or rain-water, 
and expressing it well again. The marc is then diffused through 
six times its weight of pure water, free from earthy salts, and 
solution of pure caustic potash gradually added by small por- 
tions. The mixture is then heated and made to boil for about 
a quarter of an hour, and the boiling liquor filtered through 
a cloth. The mixture is known to have boiled long enough, 
when a small portion of it, after being filtered, is found to 
become a jeUy on adding to it a drop or two of acid. 

The pectic acid may be separated by a strong acid, but 
as it is then difficult to wash, it is preferable to precipitate it by 
chloride of calcium, which gives the pectate of lime, in the form 
pf a coagulated jelly completely insoluble in water. This jelly 
is washed on a cloth, boiled with water, to which a little hydro- 
chloric acid is added, which dissolves the lime and leaves the 
pectic acid; the last is then washed with cold water. Pectic 
acid remains as a transparent and colourless jelly, fiftintly acid, 
very slightly soluble in cold water, but more soluble in boiling 
water, llie filtered solution does not become solid on cooling, 
but it coagulates and forms a jelly when alcohol is added to it,, 
or sugar, which has the property of dissolving pectic acid, and 
transforming it after some time into a jelly, a property on which 
is founded the preparation of the jelly of currants, apples, goose- 
berries, &c. ; fruits of which the juice mixed with sugar coagulates 
in the course of a few days. When evaporated to dryness, 
pectic add resembles pectin in appearance, and has the same 
composition. It is a bibasic acid. The pectates possess the 
property of forming a jelly when precipitated, in common with 
the acid. Those only containing an alkaline base are soluble in 
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water, and tbey dissolve only in the latter when pure and free 
from acid or earthy salts. (Benselius, Trait^ II. 367 and 467.) 

By boiUng it with an excess of caustic alkali, pectic acid is 
again modified, and converted into another acid, which dissolves 
easily, is very fluid and has a sour taste. This second acid is 
also isomeric in its salts with pectin. 

SECTION 11. 

VOLATILE OR ESSENTIAL OILS AND RESINS. 

These oils or essences occur in all smelling plants, and are 
the source of the frugranoe of the vegetable kingdom. Some 
plants, such as thyme, contain a volatile oil in all their parts; 
in others the oil is confined to particular parts, such as the 
flower, the pollen, the leaves, the root or the bark. In^most 
plants the oil is contained in little sacs or vesicles, so well 
closed that the plant may be dried without evaporation of the 
oil, and the latter is preserved for years from the-influence of 
the air. In odier species, and particularly in flowers, the oil is 
constantly produced at the surface, and dissipated by eva- 
poration the moment of its formation. Essential oils are gene- 
rally obtained by distilling the plant with water. They are 
themselves less volatile than water, but are carried over widi the 
steam, owing to the sensible tension of their vapour at 212% and 
condensing in the refrigeratory are found on the surface of the 
distilled water or at the bottom of the vessel. A few oils are 
obtained by expression, such as those of the oranges and lemops, 
where the oil resides in the epidermis of the fruit. Some other 
oils which are not contained in vessels, such as those of 
violet, jasmine, &c. are obtained by maceration of the flowers in 
an inodorous fixed oil, and are used in this state in perfumery, 
or are afterwards obtained apart by distilling the fixed oil with 
water. 

The essences are -generally Uquid, but occasionally solid at the 
usual temperature ; they have all a strong odour, more or less 
agreeable, which is somewhat harsh immediately after distil- 
lation but improves with keeping, although in general the odour 
is never so agreeable as that of the fresh plant. Their taste is 
acrid and burning, or only aromatic when it is greatly weakened 

2 M M 2 
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by mixing them with other substances. Some of these essences 
are colourless, most of them yellow, red or brown, others green, 
and a small number are blue. They are not unctuous to the 
touch like the fixed oils, but feel harsh. They produce an oily 
stain upon paper which disappears on drying. Their density 
varies from 0.759, the density of oil of coriander, to 1.096, the 
density of oil of sassafras ; but they are generally lighter than 
water. Although volatile at the ordinary temperature, their 
boiling point is usually not under 320®. The volatile oils are 
nearly all decomposed in part when distilled alone. They bum 
in air with a bright but smoky flame. When exposed to cold 
they freeze, but generally separate into a solid and fluid por- 
tion, indicating that they are mixtures of two oils difiering in 
fluidity ; the concrete portion is termed the stearopten, and the 
liquid portion the elaopten of the oil.* 

The essences exposed to air deepen in colour and absorb 
oxygen. It has been observed that the odour of oils is closely 
related with this chemical change. Those which oxidate most 
rapidly have the strongest smell, and the characteristic odour of 
no oil can be perceived immediately after its distiUation in an 
atmosphere of carbonic add gas. The oil becomes in time thick, 
loses its odour, and is transformed into a resin which in the end 
becomes hard. A small quantity of carbonic acid is formed in 
this transformation, but no water ; it is greatly promoted by 
light. An oil which has commenced to undergo this change 
consists of a portion of oil unchanged, holding a resin in solu- 
tion, from which the former may be separated by distillation 
with water. The substance turpentine is in this condition, and 
gives oil of turpentine, when distilled, with common resin as the 
fixed residue. Essences should therefore be preserved in well- 
stopt botUes. They are strongly acted upon and frequentiy 
inflamed by concentrated nitric acid. Some of them produce a 
sort of explosion when mixed with dry iodine. 

Essential oils are very slightly soluble in water, but suffi- 
ciently so to communicate their odour and taste to that liquid. 
Water which has been distilled firom an odoriferous plant is a 
saturated solution of the oil ; the distilled waters used in me- 

* Theee terms were first applied to the solid and flaid portions of fixed oils ; they 
are derived from vnap suet and ikaiov oil. 
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dicine are so prepared. These liquors are improyed by a second 
distillation, or by keeping for some time in a cool place when 
contained in opaque vessels imperfectly closed, during which 
some foreign matters which have been distilled along with the 
oil, disappear. The volatile oils are all very soluble in alcohol, 
and the more so the less water it contains. With alcohol of 
0.820, oil of turpentine may be mixed in a large proportion, and 
such a liquid is sometimes burned in a lamp properly con- 
structed for the purpose. The oils which contain oxygen, such 
as those of lavender and peppermint, dissolve more readily in 
aqueous alcohol than the pure hydrocarbons. Such solutions of 
essential oils in alcohol are lavender watery eau de Cologne^ &c. 
They are rendered turbid by water, which combines with the 
alcohol and liberates the oil. Essential oils are soluble in 
ether. They are capable of dissolving at a high temperature a 
considerable quantity of sulphur and a small portion of phos- 
phorus ; and may be combined or mixed with bisulphuret of 
carbon, chlorides of sulphur, of phosphorus, of carbon and 
arsenic. They combine with several vegetable acids, such as 
acetic, oxalic, succinic acids, the oily acids, camphoric and 
suberic acids. With the exception of oils of cloves, cinnamon 
and cedar wood, the volatile oils do not combine with salifiable 
bases ; they differ entirely in this respect firom the fixed oiU 
which are saponified .by alkalies. After being brayed with 
sugar the volatile oils dissolve better in water. Volatile oils 
dissolve all the fat oils, resins, and animal fats. 

Many volatile oils contain no oxygen, and in all of these^ 
with one or two exceptions, the carbon and hydrogen are 
CgH^ or some multiple of these numbers ; but the larger pro« 
portion are oxides. Several of the latter part with their whole 
oxygen, with a proportional quantity of hydrogen, as water,, 
under the action of anhydrous phosphoric acid, and are con- 
verted into pure oily hydrocarbons. 

A. ESSENTIAL OILS CONTAINING NO OXYGF.N. 

OIL OF TURPENTINE. 

Formula : CjoHig. It is derived from several kinds of tur- 
pentine, a semi-fluid resin exuding from the different species of 
the pine. The turpentine is distilled with water, the oil comes 
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over^ and a resin remains behind. The oil met with in com- 
merce generally contains some resin, produced by the oxidation 
of the oil, from which it should be purified by rectification, that 
is, a second distillation from water. The pure oil is a colour- 
less, thin liquid, having a peculiar odour, of which the density 
is 0.872 at 50% and boiling point S14^2 (ISe^'.S centig.) The 
specific heat of this liquid is 0.462, according to Despretz, that 
of water being 1.000. The density of its vapour is 5010 by 
experiment, 4763 by calculation. It abandons only half the 
heat when condensed firom the state of vapour at its boilii^ 
point, that vapour of water does at 212®; but a portion of that 
heat is heat of temperature, for the latent heat of vapour of oil 
of turpentine is to that of vapour of water only as 0.313 to 
1.000. When cooled to — 16^6, oil of turpentine deposits its 
stearopten in white crystals, which are heavier than water, and 
fuse at 19'*.4 ( — 7* centig.) 

OU of turpentine is certainly a mixture of two or more iso- 
meric oils; this appears in its forming two compounds with 
hydrochloric acid, one of which has long been known as arii' 
fidal camphor. To prepare this compound, well dried hydro- 
chloric acid gas i, made to pass slowly into the essence sur- 
rounded by ice. Without this precaution, it becomes hot, and 
the hydrochloric acid is not so completely absorbed. It is left 
to itself for twenty-four hours, after which, a quantity of a white 
crystalline substance is found deposited in a brown fuming 
mother-liquor. The composition of the solid hydrochlorate is 
represented by CjoH^^ + HCl. The name camphene being applied 
to the essence by Dumas,*^ this is the hydrochlorate of camphene. 
When pure, it is a snow-white substance, of a peculiar odour, 
s^gg^sting that of common camphor, but very different in other 
respects; fusible above 212% and volatile; alcohol of 0.806 
dissolves at 57® one third of its weight of it. It is decomposed 
completely when distilled rapidly by means of an oil-bath, with 
two or three times its weight of quicklime, chloride of calcium 
being formed, and a colourless oil, of the same composition and 
density as oil of turpentine, which can be united again with 
hydrochloric acid, and gives an entirely solid product. This 

• Tbe essence of turpentine may be allowed, as the base of artificial camphory 
to retain this name. 
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oil, however, is not identical with the essence, differing from it 
in its optical properties, and is distinguished as catnphilene 
(DeviUe). The liquid hydrochlorate is of density 1.017, and its 
composition is also expressed by C2OH10+HCL (Soubeiran, 
Capitaine). 

It is difficult to decompose the hydrochlorate of turpentine 
completely by an alkali ; a portion of it distils over and contami- 
nates the oil thus obtained. M. Deville adds gradually to 
essence of turpentine kept cold, a small quantity, about ,v^ 
of oil of vitriol, so that the whole becomes deep red and viscid 
after strong agitation, allows it to deposit for twenty-four hours> 
tind decants the thick liquid from a black deposit. This red 
liquid, when heated, emits some bubbles of sulphurous acid, 
becomes colourless, and is transformed into a mixture of two 
oils, which he names terebene (from terebenthine), and colo- 
phene. The former distils over first. Terebene has the same 
composition and density as campbene, but differs from the 
latter in its rotatory power on polarised light being equal to 
notiiing. By treating terebene by hydrochloric acid, Deville 
obtained a new Kquid, Mub-kydrochhrate of terebene, of density 
0.902 at 59% with a good deal of the odour of terebene itself; 
its composition 2C2qH|q + HCl. A corresponding hydrobromaie 
of terebene was a colourless liquid, of density 1.021 at 7^*^*^ 
(24* oentig.) ; its composition 2C2oHig + HBr. The solid 
hydrobromaie of camphene, formed by the action of hydrobromic 
acid on the essence is CsoH,^ + HBr. It preserves, in common 
with the solid hydrochlorate, the negative rotatory power of the 
essence. The liquid hydrochlorate, prepared from the essence, 
loses that property, and is, therefore, supposed not to contain 
camphene but terebene, and named hydrochlorate of terebene. 
When hydrochlorate of terebene is distilled with an alkali, it 
gives an isomeric oil, terebilene, having the same relation to 
terebene that camphilene has to camphene. Two corresponding 
hydriodates of terebene have been formed. 

A very regularly crystallized substance has often been found in 
old oil of turpentine, or in oil of turpentine left long in contact 
with dilute nitric acid, which appears to be formed by the assi- 
milation of the elements of water. Its composition is C^qH^Oq, 
or rejnesented as a hydrate of oil of turpentine C20H15+6HO. 
(Dumas and Peligot). It is fusible about 302'' (150* centig.). 
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and sublimes. Soluble in 200 parts of cold, and in 22 parts 
of boiling water, from which it crystallisces on cooling. 

By treating terebene by chlorine, M. DeviUe formed two 
liquid chlorinated compounds, wliicb he names chloroterebeney 
C20H12CI4; and monochloroierebene, CgoH 14012* He also formed 
bromoterebene, C2QHi2Br4. Terebene does not form a hydrate 
like the essence. The essence treated with chlorine gives a 
chlorinated compound, which M. DeviUe names cMorocamphene^ 
of the same composition as chloroterebene, but differing in density 
and other properties. 

Colophene is an additional product besides terebene, of the 
action of concentrated sulphuric acid upon the essence. It dis- 
tils over after the terebene, on urging the heat so as to bring the 
viscid mass in the retort to a state of strong ebullition, as a viscid 
oil, of a clear yellow colour, which re-distilled several times 
alone, and once (if contaminated with sulphur) from the alloy 
of potassium and antimony, constitutes colophene. Colophene 
is colourless by transmitted light, but possesses a kind of 
dichroism and may be seen of a deep indigo blue colour, a pro- 
perty which can be recognised in all its compounds. Its density 
is 0.940 at -18^ and 0.9394 at 77^ It is isomeric with the 
essence of turpentine. Its boiling point is about 590 or 609^; 
the density of its vapour could not easily be taken with exadr 
ness, but was certainly not less than twice that of oil of turpen- 
tine. Assuming the density as double, the atom of colophene 
will be C40H32, its combining measure 4 volumes. This oil is 
also one of the products of the rapid distillation of colophony 
or the resin of turpentine, and was named colophene on that 
account. 

Colophene absorbs hydrochloric acid, but the hydrochhraie 
is a feeble combination, and is deprived of its add by chalk. 
By distilling the impure hydrochlorate firom barytes, M. DeviUe 
obtained an isomeric oil, which he considers the colophUene 
of colophene. It did not appear, however, to possess the 
dichroism of the latter body. Colophene also absorbs chlorine 
with avidity, without any disengagement of hydrochloric add, 
and is converted into a resin, soluble in alcohol and erystal- 
lizable, having very much the appearance of colophony, and 
which IS named chh>rocolophenej C^qK^^CI^. It is in fact colo- 
phony in which 4 atoms of oxygen are replaced by 4 atoms of 
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chlorine. Fused by heat^ and exposed again to chlorine chloro^ 
colophene absorbs that gas^ and emits a laige quantity of hydro- 
chloric add, giving a new product, of a transparent ydlow 
colour, which may be represented by C4oHg4Clg. 

It thus appears that four isomeric oils exist related to the 
essence of turpentine, of which the common formula is C^qH^^, 
namely camphene, terebene with camphilene and terebilene, the 
two latter being obtained by similar processes from the two 
former ; also another pair, of which the atomic weight is double 
and the formula C^H^^f namely colophene and colophilene; 
and that each of these bodies gives rise to a particular series of 
compounds by uniting with hydrochloric acid, chlorine, &c* 
(Deville, An. de Chim. Ixxv, 37). 

COLOPHONY, OR RESIN OF TURPENTINE. 

Common turpentine affords when distilled with water from 
5 to 25 per cent of essence, what remains being common resin, 
named colophony, or colophonium, of which the composition 
generally received is C40H32O4 (Rose) ; that is, 2 equividents of 
the essence combined with 4 equivalents of oxygen. M. Liebig 
is disposed, from more recent analyses, to represent the resin 
by C4oH^04, and then in its formation, the essence 04^113^ 
loses 2 atoms of hydrogen, which are replaced by 4 atoms of 
oxygen. The resin is not, however, a homogeneous product, 
but was divided by M. Unverdorben into two different resins, 
which he named sylvic and pinic acids. The properties of the 
mixture of these resins or colophony are familiar ; it is a yel- 
lowish brown, translucent, brittie solid, fusible, readily soluble 
in alcohol, ether, the fixed and volatile oils ; soluble in alkaline 
leys, with which it combines as an acid, and forms soluble salts, 
which are detergent, and enter largely into the composition of 
all brown soaps. The two resins are separated from each 
other by means of cold alcohol, of 72 per cent (sp. gr. 0.867)9 
which dissolves pinic acid, or alpha-resin as it is also called, 
and leaves behind sylvic acid, or beta-resin. 

AlphU'Terin (pinic acid), is precipitated from the alcoholic 
solution by water ; it is not crystallizable ; after being fused, it 
has quite tiie appearance of colophony ; it is insoluble in water, 
but dissolves easily in alcohol, ether, and oil of turpentine; 
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these solutions hare an add ve-action. The pinates of potasli, 
soda and ammonia dissolve in water, but are precipitated by an 
excess of alkali or the addition of any alkaline salt. The jMnates of 
other bases are insoluble in water, and may be precipitated from 
alcoholic solutions of the alkaline pinates by double deeompo- 
sition, employing an alcoholic solution of. the other salt ; they 
are most frequently insoluble in alcohol, but many dissolve in 
ether. The composition of pinic add was found by Rose to be 
C40H33O4, or the same as that of colophony (C40H30O4, accord- 
ing to Liebig). Sylvic add has likewise the same compo- 
sition. 

By distilling or heating pinic add, a new resin is fcHtned^ 
cohpholic acidj of the same composition^ but possessing a 
stronger affinity for bases. 

Beta-resin (sylvic acid). The insoluble residue treated wiA 
boiling alcohol, dissolves entirely ; it is filtered hot, and crys- 
talliaes on cooling. It is purified by a second crystallization^ 
particularly from alcohol containing a little sulj^uric acid. It 
is transparent and colourless, crystallizes in rhomboidal prisms^ 
terminated by four facets> which are generally very thin, and so 
large as to resemble tables. It fuses below 212% is insohible in 
water^ but dissolves easily in alcohol, ether, the fixed and vola- 
tile oils. Alcohol of 72 per cent takes up, when boiling, one 
third of its weight, but abandons nearly the whole on cooling 
in a crystalline form. It is dissolved by concentrated sulphuric 
acid, and precipitated again by water from that solution, but in 
the condition, according to Unverdorben, of pinic acid. The 
sylvates of potash^ soda and ammonia are soluble in water ; the 
sylvates of other bases are insoluble in water, but firequently 
dissolve in ether and even alcohol. The sylvate of magnesia^ in 
particular, is soluble in alcohol. The addition of ammonia, 
even in excess, to the solution of sylvic acid in alcohol does not 
throw down a predpitate^ and the acid predpitated by water 
dissolves readily in ammonia ; so also does the resin in caustic 
potash, but an excess of the latter throws down a stAsylvate of 
potash, a compound very slightly soluble in an excess of base. 
The composition of sylvic acid is 04^113004, or half these num- 
bers, according to Tromsdorff. 

These two resins form the large proportion of colophony, but 
a third resin has been observed in it, which is indifferent. 
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soluble in cold alcohol, but not precipitated by the acetate of 
copper. 

The white resin, galipot, deriyed from the pinus maritima^ 
consists almost entirely of a colourless, crystallisable resin^ 
named pimaric acidy C4QH3QO4) of the same composition as the 
preceding resins, but differing from them in properties. When 
the crystallized resin is dissolved in alcohol^ it soon separates 
as an amorphous powder^ which is much less soluble^ without 
alteration in composition. When distilled in vacuo, pimaric 
acid is converted into another resin, pyromaric acid. Boiled for 
a long time with nitric add, pimaric acid gives rise to a new 
acid, containing nitrogen, azomaric acidy C4QH|gOi2N + 4HO, 
of which the capacity of saturation is double tiiat o^ pimaric 
acid. (Laurent, An. de Chiro. Ixxii, 383). 

By the dry distillation of colophony^ M. Fremy obtained a 
heavy light-coloured oil, almost destitute of taste and smelly 
boiling above 482®, which he named rerinem* Its composition 
is expressed by C^H^gO ; and it appears to be formed by the 
abstraction of an atom of water firom half an equivalent of 
colophony. By distilling purified resin with eight times its 
weight of slaked lime, the same chemist procured two liquid 
products, resinone C^QHgO, soluble in alcohol, and boiling at 
l72^5; and resineone C^sH^gO, less soluble in alcohol, and 
boiling at 298^.5 (Liebig, Annalen, xv, 282). 

By distilling resin at a higher temperature. MM. Pelletier 
and Walter obtained a liquid, retinaphtha C7H4 ; which gives 
with chlorine a compound C^fi^CX^. At the same time with 
retinaphtha, a less volatile liquid, retinyhy CgHg, is formed. 
The less volatile product of the distillation of resin affords a 
liquid retinokj C^H^j with a solid compound retisterene or meta^ 
naphthaline, which is isomeric with naphthaline. (Ann. de Chim. 
&c. Ixvii^ 269). 

Common resin is converted into shoemaker's resin, or Bur- 
gundy pitch, by heating it repeatedly with water, and going to 
dryness. 

OH of lemoHBy C,oHg. This essence is extracted from the 
rind of the lemon [Citrus medica), usually by expression. The 
crude oil is pale yellow, but when rectified it is colourless, has 
a strong smell of lemons, density 0.847* and boiling point 
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343^4 (173^ ceiitig.). It has absolutely the same composition 
in 100 parts as essence of turpentine, but only half the atomic 
weight. It forms, with hydrochloric add both a solid and liquid 
compound, according to Blanchet and Sell. The composition 
of both is expressed by CioHg^HCl. The camphor and a^so the 
liquid hydrochlorate of lemon oil are decomposed by means of 
alkalies, and furnish two oils, which possess the same compo- 
sition as the essence employed. Oil of oranges^ from orange- 
peel {Citrus aurantium) differs only in smell from oil of lemons. 
OU ofneroliy or of orange^flower is quite different, and is in great 
part soluble in water. It appears to contain a stearopten, but 
its composition is not exactly known. 

on of junipers. — Obtained by the distillation of crushed juni- 
per-berries with water. It is colourless, and possesses the 
taste and odour of juniper; is composed of two oils of different 
volatility, both of them containing carbon and hydrogen in the 
same relation as all the oils of this class, namely CgH^. By 
adding a little of this oil to brandy, gin or Hollands are 
formed. 

Savin-oil, — Derived from the berries of Juniperus sabinay 
colourless, also represented by some multiple of C5H4. Both 
of these oils are used as diuretics. 

on of copaiba^ ^lo^s- '^^^ balsam of copahu or copaiva is 
extracted in Brazils and the Antilles from several plants, of the 
genus copaxfera. It is obtained by incision, in the same way as 
common turpentine, with which it has a great analogy ; and is a 
clear-yellow, transparent, thick liquid, consisting of a resin and 
volatile oil. 

The oil is colourless, thin, of an aromatic but disagreeable 
odour, of density 0.878, and boiling point 473*. Absolute 
alcohol dissolves two-fifths of its weight of this oil, but twenty- 
five parts of the spirits of wine of commerce, are required to 
dissolve one part. It forms a crystallizable compound with 
hydrochloric acid ; it is isomeric with oil of lemons, and has the 
same mode of condensation. (Blanchet). 

Copakimc acidy C40H32O4. This name is applied to the resin 
of copaiva, which possesses, according to Rose, the same compo- 
sition as colophony. To obtain it crystallized, M. Schweizer 
dissolves 9 parts of the balsam in 2 parts of ammonia, and 
leaves the mixture in a cool place. The crystals which form 
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being taken out, washed with edier, and re«dissolyed in alcohol, 
ixumish the pure resin by spontaneous evaporation ; the salt of 
copahuvic acid and ammonia loses its ammonia during the eva- 
poration. The copahuvates of potash and soda are soluble in 
water, that of ammonia soluble in ether and alcohol, but not in 
water. The salt of siher is crystalliisable. 

OU of pepper J from Tiper rdgrum^ has the same composition 
as oil of copaiva, and is similar in properties. 

Oil of cubebsj from Piper cubeba, is supposed by Soubeiran 
and Capitaine to be CigH^Q, its compound with hydrochloric 
add being C15H13CI. The former is still a multiple of C5H4. 

on qfstoraXf from the balsam storax liquida, by distillation, 
has, according to Marchand, its carbon and hydrogen as C^H, 
or in the same relation as benzole, and therefore differs in com- 
position from all other known essential oils. It is converted by 
nitric acid into a resinous body, which yields a particular crys- 
tallizable oil, by distiUation, the nitrostyrole of Simon. 

Oil o/elemi, obtained by distilling the resin, is a transparent 
colourless liquid, of an agreeable smell, its density is 0.852 at 
75^2 (24® centig.) ; it absorbs hydrochloric acid, but does not 
seem to form a solid camphor. It consists of carbon and hy- 
drogen in the proportion of C4H5. (Stenhouse.) 

Laurel-turpentine oil, imported of late from Demerara under 
the name of laurel oil ; its density is 0.8645 at 60% it begins to 
boil at 301% but its boiling point rises to 325^ Its smell 
slightly resembles that of oil of turpentine, but is much more 
agreeable and approaches that of oil of lemons. It contains no 
oxygen, and consists of two or more isomeric oils of the C5H4 
type* This oil is an excellent solvent of caoutchouc, and is 
employed as an external application in rheumatism. (Sten- 
house.) 



B. ESSENTIAL OILS CONTAINING OXYGEN. 

Oil qfbergamotte is obtained from the ripe fruit of the Citrus 
bergamotta^ or Citrus limetta (the lime). It is jellowish, but 
when rectified, colourless, has an agreeable odour, and is much 
used as a perfume. Its density is 0.862; it combines with 
hydrochloric acid. It was found by Oh me to contain 7*098 
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per cent of oxygen, and considered as a hydrate of lemon oil, 
SC,oHg+2HO. But MM. Soubeiran and Capitune find it to 
be a mixture of 2 or more oils, which differ in volatility, bat 
could not be completely separated, with the proportion of 
oxygen varying from 3.37 to 16.14 per cent. By the action of 
anhydrous phosphoric acid upon this essence, an oil is obtained 
which has the same composition as oil of lemons, or is of the 
C5H4 type. By the action of phosphoric acid on the impure oil 
a pecidiar acid was also produced (named phospho-bergame 
acidjf which forms soluble salts with lime and oxide of 
lead. 

Oil qf cloves J from the undevdloped flower-buds of the Carpo- 
phyttus aramaiicus. It is colourless or yellowish, becoming 
brown in air, of a strong odour and burning taste ; its density is 
1.061. Clove oil consists of two different oils, one light, of the 
C5H4 type, the other heavy, of density 1.079, and boiling point 
469^ 4 (243^ centig.) which forms crystalline compounds with 
bases, and is named caryaphyttic aeid. The two oils are sepa- 
rated by distillation of the crude oil with a solution of potash, 
by which the heavy or proper clove oil is retained in combi- 
nation, and may afterwards be liberated by means of sulphuric 
add. Alcohol also extracts from cloves a solid substance, cary- 
ophylHney of which the formula^ according to both Dumas and 
Ettling, is C^qHiqO^. The distilled water of cloves deposits 
another substance in yellowish pearly scales, which has been 
named eugenine by JBonastre. 

Oil of anisif from PimpineUa anisumf is yellowish or colour- 
less, of density 0.9857. It contains so much stearopten that it 
is solid at the usual temperature. 

The stearopten obtained by pressure of the oil coded to 32% 
crystallizes in colourless plates, fuses about 64% and boils at 
43P.6. Its composition, according to the latest determination 
of M. Cahours, is C^g^^fi^' With chlorine it appears to form 
two semifluid compounds of a viscid consistence, C2oHgCl302) 
and Ct^*jfi\^0^. With bromine the action is more definite, 
and a crystalline compound is formed, bromamsaly C^oHgBrjO^. 
If 1 \ parts of sulphuric acid are digested with 1 part of the 
concrete essence, the latter is entirely converted into a substance 
of a resinous nature, which when purified from sulphuric add 
by distillation, is termed aniaoiney by Cahours. It Is a per- 
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iecdy white inodomus substance, fusible at a temperatare aboye 
212% of which the formnla is C2<)Hi20j, or it is isomeric with 
the original concrete essence. By the aetion of dilate nitric 
acid on the essence of anise, anutc acid^ HO+Ci^HgOg, is 
foroaed, which crystallizes in fine needles and is Tolatile without 
deccumposition ; it belongs to the class of benzoic and cinnamic 
adds. When distilled with an excess of barytes, hydrated 
anisic acid loses 2 atoms of carbonic acid and yields anUole 
C14H7O2, a colouriess highly mobile liquid, boiling above S02^ 
(150° centig.), of an agreeable aromatic odour, insoluble in 
water, soluble in alcohol. Anisole gives crystallizable and 
volatile compounds with chlorine and bromine ; it is evidently 
alKed to benzole. B(Hled with stronger nitric acid the con- 
crete essence of anise, gives nUramsic acidy HO+CigHgNOg. 
NUraniride is a yellow resinous substance, produced by the 
action of fuming nitric acid upon the concrete essence ; its 
probable formula is C^oHioN^Oio. (Cahours, Ann. de Chim., 
&a, 3 s^r. ii, 274.) 

The concrete essences of fennel and badian are found by 
Cahours to be absolutely identical with that of anise. The 
concrete essence of anise is not affected by alkalies, in which 
respect it differs from camphor, the solid essence of cedar, oil of 
mint and certain other essences. 

OU of bitter fennel consists principally of two oils, one pos- 
sessing the composition of the concrete essence of anise ; and 
the other and more volatile oil which is much more difficult to 
purify, appearing to correspond in composition with essence of 
lemons and turpentine, but perhaps with a different state of 
condensation. The more volatile portion, when exposed to a 
slow stream of detUowide ofnitrogeny becomes thick and turbid, 
and alcohol then throws down from it a white silky matter, of 
which the composition is C15H 12^2^4* (Cahours.) 

on qf hyssop from the Hyssopus officinalis^ begins to boil at 
288% but its boiling point rises to 325®. It is a mixture of 
several oils, one of which probably contains no oxygen, as by 
repeated rectification of a portion of the oil containing 9 per 
cent of oxygen with fused potash, the quantity of oxygen was 
reduced to If per cent, the greater part of the oxygenated oil 
being converted into a brownish resin. (Stenhouse.) 

Cqjeput oil, C^^JQ, is obtained from the leaves of the Mela- 
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leuca leucadendfon of the Moluccas. In the crude state it is 
green, but becomes colourless by rectification. 

Oil of caraways^ extracted from the seeds of the Carum cartAy 
contains two different oils, one of which is probably a hydro- 
carbon (Voelkel). These are diflPerent from the oils of the fti- 
minum cymimum, although the two plants belong to the same 
family. 

Oil of cummin is extracted from the seeds of the Ctfmtmmi 
cymimum. The Roman oil was found by M.M. Gerhardt and 
Cahours* to consist of two oils. One of these oils they have 
distinguished as cymene ; it is a hydrocarbon C^f^^^y and boils 
at 329®. The other contains oxygen, and appears to be the 
hydruret of a compound radical like benzoyl, which may be 
named cumyL Cymene is separated by dropping the essence 
into hydrate of potash in a state of fusion, the hydrocarbon 
distils over, and the hydruret of cumyl is retained by the 
alkali as cuminic acid. The known compounds of cumyl are as 
follows : 

Hydruret of cumyl, or cuminol . C^oH ^ ^Oj + H 
Cuminic acid .... CgoHuOj + O 

Chloride of cumyl or chloro-cuminol CgoHnOj+Cl 
Bjomide of cumyl or bromo-cuminol CjoH^iOa + Br 
Hydrated cuminic acid . . CaQHuOj+O + HO. 



Hydruret of cumyl or cuminol is a colourless or yellowish 
liquid of a strong odour, easily altered by the contact of oxygen 
when heated. Its boiling point is 428® ; density of its yapour 
by experiment 5240, by calculation 5094, its combining mea- 
sure being supposed four volumes. Cuminol is capable of 
uniting with hydrate of potash at the ordinary temperature 
without the evolution of hydrogen. It is oxidated and con- 
verted into cuminic acid by direct oxidation, or when treated 
with caustic alkali in which case hydrogen is evolved, or by the 
action of sulphuric acid and chromate of potash. This acid, 
which corresponds with benzoic acid, is colourless, crystallizes 

* Recberches chimiques ear les huiles essentielles. An. de Chim. 3roe S^rie, 
t i. p. 60. 
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in prismatic needles, has an acid burning taste^ is scarcely 
soluble in water, dissolves easily in alcohol, and may be sub- 
limed. When hydrated cuminic acid is distilled with 4 parts of 
caustic barytes, it yields an aromatic colourless liquid, CxgHis^ 
to which the name cutnene has been applied ; it boils at 291^.2 
(144^ centig.) Cumenc is analogous to benzin or benzole ; it 
forms with fuming sulphuric add nUphocumenic acid, corres- 
ponding with sulphobenzic acid, of which the barytic salt is 
crystallizable. With nitric acid it forms nitrocumide, ana- 
Ic^us to nitrobenzide. 

Cymene has been found to correspond perfectiy in density, 
boiling point, and density of vapour with camphogen from cam* 
phor, and is believed to be identical with it. It also appears 
to be isomeric with retinylene from the distillation of resin. It 
forms a stUphocymenic acid. 

Lavender oil, C^^U^fi^ (=3C6H4+2HO.) This familiar oil 
is thin, colourless, of density 0.d77* 

Oil of peppermint from Mentha piperita is pale yellow, and 
lighter than water. It contains a variable proportion of stea- 
ropten, so much as sometimes to form a solid prismatic crys- 
talline mass. The composition of the elaopten is CsiH^oOq ; of 
the stearopten C^oHgoOg. Phosphoric acid withdraws two 
atoms of water from the last, and eliminates a liquid hydro- 
carbon, which M. Walter has named menthene, C^^qHis. Dis- 
tilled with perchloride of phosphorus, the stearopten also gives 
chloro-fnenthene, CsoHi^Cl. Chlorine is absorbed by the stea- 
ropten, and two different chlorinated compounds formed. By 
the action of nitric acid a liquid add compound is produced, 
CioH^Os. (P. Walter, An. de Chim. Ixxii. 83.) 

Oil of cedar {solid), CgaHagO^, or C^^U^ + 2HO. The crude 
essence as obtained from the cedar wood of Virginia is a sof); 
white crystalline mass, which after being deprived of water by 
heat becomes solid at 80^.6 (27^ centig.) Distilled by a sand- 
pot heat, it comes over between 527 &nd 572^ (275 and 300** cen- 
tig.), and separates into a crystalline substance and liquid por- 
tion. The solid essence, purified by pressure and crystalli- 
zation from alcohol is remarkable for its beauty and lustre, its 
odour is aromatic and peculiar, suggesting that of a cedar-wood 
pendl. It fuses at 165^.2 (74** centig.), and boils at 539^4 
(282^ centig*) ; it is dissolved very slightiy by water, largely by 

2 N N 
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alcohol^ from which it precipitates on cooling in ailky crys- 
talline needles. The density of its vapour is by experi- 
ment 8400 ; by calculation 8100^ allowing its combining measure 
to be 4 volumes. 

When the concrete essence is distilled wil^ anhydrous phos- 
phoric acid, the latter being added in a gradual manner to pre- 
vent great elevation of temperature, a liquid is obtained, cedrene 
CgsHgg, which appears to be the hydrocarbon of the essence. Its 
odour is aromatic and quite peculiar, its density 0.984^ its 
boiling point 478^.4 (248® centig.) ; the density of its vapour 
7900 by experiment^ and 7^00 by calculation, supposing its 
combining measure to be 4 volumes. Sulphuric acid and per- 
chloride of phosphorus act upon cedrene as upon menthene. 
The liquid essence of cedar, obtained from the crude essence by 
expression, has the same density and composition as cedrene. 
(P. Walter, An. de Chim. S sen i. 498). 

Oil qfroseSf otto or attar of roses, is colourless, of a most 
intense rose odour, lighter than water. Its stearopten, which 
is inodorous, separates at the usual temperature in lai^e 
plates ; it fuses at.95o, is very slightly soluUe in alcohol, and 
contains no oxygen, but is a polymeric variety of CH. 

Oil ofmentha viridis is, according to the analysis of Dr. Kane, 

Oil of valerian^ extracted from the Valeriana officinalu^ con- 
sists of a hydrocarbon and oxidated oil^ the last giving, when 
treated with potash in fusion, valerianic acid, the same acid as is 
extracted from the root of valerian, and obtained artificidly by 
the action of potash upon the oil of potatoes. 

Oil of cbamomile is extracted from the flowers of the Matri- 
caria chamomUla ; its colour is deep blue. It contains a hydro- 
carbon and an oxidated oil, the last of which treated with 
potash, in fusion gives valerianic acid. (Gerhardt and Ca- 
hours.) The Anihemis nobilia^ Arnica montana and ArchiUea 
miliefoUuniy yield also blue coloured oils. 

Oil of ruBy C^^^fi^l obtained by distilling fresh plants of 
the Ruta graveolens; is yellowish green, of density 0.837 at 64^.4 
(18° centig.) ; density of vapour by experiment 7892, by calcu- 
lation 7^90, the combining measure being 4 volumes. This oil 
is soluble in sulphuric acid, and is precipitated by water ; hydro- 
chloric acid has no action upon it. (Dr. H. Will in Liebig's 
Annalen, xxxv. 235). 
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CAMPHOR. 

Formula: C^^jHi^Oj, or CaQH|4H-2HO. This essence is 
brought to Europe chiefly firom Japan ; it is obtained by dis- 
tilling the wood of the hawruM camphora along with water, and is 
refined by a second sublimation. It is in white translucent 
crystalline masses, somewhat tough, but easily pulverised when 
moistened with alcohol 3 possessing a peculiar taste and smell, 
and may be obtained in brilliant crystals of a high refracting 
power, either by sublimation or from solution in alcohol. It 
floats upon the surface of water, its density being from 0.9857 
to 0.997 ; fuses at 347% and boils at 399^.2 (204<' centig.) ; the 
density of its vapour is 5317* It evaporates at the usual tem- 
perature, a property that contributes to produce the lively 
movements which small pieces of camphor exhibit upon tlie 
surface of pure water. Like all the essential and fat oils, it also 
possesses a remarkable tendency to di£fuse a thin film of its sub- 
stance over the surface of water, the result of a kind of capillary 
attraction, in consequence of which a little column of camphor 
rising out of water is in the course of a short time cut across at 
the surface of the liquid. The detaching of the substance of the 
camphor by this force must occasion a recoil, which appears to 
be the principal cause of the movements of a floating mass. All 
movement ceases when a drop of any oil is allowed to fall upon 
and diffuse over the surface of the water. Camphor is easily 
kindled, , and bums with a white flame. It is but slightly 
soluble in water, one part of camphor requiring about 1000 parts 
of water to dissolve it ; but the solution has the taste and odour 
of camphor. It is largely dissolved by alcohol, ether and oils. 
The solution in proof spirit, known as camphorated spirit, is 
predpitated by water. Camphor forms liquid compounds with 
nitric add, acetic add and hydrochloric add. When distilled 
with anhydrous phosphoric acid it loses 2HO, and yields a 
pure hydrocarbon, C^^Hi^, to which M. Dumas applied the name 
camphogen. 

Camphogen^ after being distilled repeatedly from phosphoric 
add, is a colourless liquid, of density 0.86 1 at 57^*2, and boiling 
at 347®. The density of its vapour is by experiment 4/80; by 
calculation 4697, allowing its combining measure to coi\tain 
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4 volumes (Delalande.) Camphogen exists in some essential oils, 
which are mixtures of a liquid hydrocarbon and an oxidated oil, 
as the essence of cummin. Camphogen in its chemical relations 
resembles benzin or benzole and napthaline. 

HyposulphO'Camphic actd, HO + CjoHu, SgOg; is formed 
when camphogen is heated on a water-bath with a slight excess 
of fuming sulphuric acid ; the camphogen disappears without any 
evolution of sulphurous acid, and an acid is produced analogous 
to hyposulphobenzic acid, which forms a soluble salt with lead. 
Hyposulpho-campfiate of lead crystallizes in pearly plates, which 
contain 4 atoms of water of crystallization, PbO+CjoHijjSjOg 
+ 4HO ; but are made anhydrous by a temperature of 248®. The 
salt of barytes is similar in constitution. This salt and the 
salt of lime are remarkable for their taste, of which the first 
impression is very disagreeably bitter, but chimges in a minute 
or two into a sweet and sugary taste analogous to that of 
liquorice. 

Camphogen also forms a white crystallizable compound when 
acted upon by fuming nitric acid. (Delalande, Ann. de Chim. 
3 ser. i, 368). 

Camphoric actrf, 3HO43C10H7O3. This acid, which is tri- 
basic, is produced by long digestion or repeated distillation of 
camphor with nitric acid ; and is divested of adhering camphor 
by uniting it with potash, and decomposing the salt by nitric 
acid. It forms prismatic crystals, which are inodorous, of a 
very sour taste; fuses at 145^.4 (63o centig.), and emits then a 
pungent vapour. It sublimes partially as the anhydrous acid. 
It is indifferently soluble in water, more readily dissolved by 
alcohol. 

Camphoric acid forms a neutral and acid salt with ammonia; 
the former contains 3 atoms of oxide of ammonium, and the 
latter 2 atoms of the same with 1 atom of water as base. 

Acid camphorate of oxide of ethyl is formed when camphoric 
acid, alcohol and sulphuric acid are heated together; and is 
separated by the addition of water. It appears to contain a 
bibasic camphoric acid, of which the formula is C20H14O5, united 
with 1 atom of oxide of ethyl and 1 atom of water. The atom of 
water can be replaced by fixed bases, and a class of neutral salts 
formed. By boiling the acid camphorate of oxide of ethyl with 
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water^ it is resolved into tribasic camphoric acid, and neutral 
eampharate of oaide ofethylj 2EO +C2oHi40g. (Malaguti). 

The matter considered as anhydrous camphoric acidy CxqH^Oj^ 
is obtained pure by crystallizing in alcohol the product of the 
distillation of camphoric acid. It forms long flat colourless 
prisms, which are tasteless and insoluble hi water. By continued 
boiling in water this substance is dissolved, and then appears as 
the hydrated tribasic acid. (Laurent). 

Liquid camphor, CsoHi^O ; the elaopten of the oil of cam- 
phor of commerce. With the same proportions of carbon and 
hydrogen as solid camphor, it contains only half as much 
oxygen. The density of the pure ml is 0.91^ its boiling point 
above 212^ 

Campholic add, HO + CjoHiyOg. The vapour of camphor 
is entirely absorbed by a dry mixture of hydrate of potash and 
lime, between 300 and ^lOO^centig., without the disengagement 
of any gas, and campholate of potash formed. This acid has 
the consistence of cwiphor, is insoluble in water, and easily 
saturates bases; it is camphor plus 2HO. (Ddalande, Ann. 
de Chim. etc. 3 s^r. i. 120.) CamphoUc acid, distilled with 
anhydrous phosphoric acid^ yields a hydrocarbon, CjsHiq,=4 
volumes of vapour. (Delalande.) 

Camphrone, C^qH^Oi was obtained by M. Fremy, by 
dropping fragments of camphor into a porcelain tube contain- 
ing quicklime heated to redness. It is a light oil, boiling at 1&7% 
soluble in alcohol and ether but insoluble in water. 

C. ESSENTIAL OILS CONTAINING SULPHUR. 

Volatile oil ofmustard^ CgHgNS2. Both black and white mus- 
tard seeds yield a fat oil by expression. The black seed, when 
distilled with water, gives a remarkable volatile oil, which is not 
contained in the seed, but is the result of the reciprocal action 
of water and an albuminous substance in the seed, named 
myrozine by Bussy, upon another crystallizable principle in it, 
myromc acid, which is soluble in water, and appears to be an 
add, although little is known respecting it. This oil is the 
cause of the acridity of black mustard. The application of 
boiling water to the mustard, of alcohol, acids or alkalies, which 
coagulate the albuminous body, prevent the formatioa of the 
volatile oiL 

This volatile oil is colourless, heavier than water, of a pain- 
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fully intense odour exciting tears^ and produces immediately 
inflammation and blisters when applied to the skin. Its boiling 
point is 2S9\4 (143« oentig.). When burned, it produces sul- 
phurous acid. When the oil and an excess of ammonia are 
put together in a well stopt phial, the oil in a few days disap* 
pears, and a mass of beautiful crystals is found in its place, 
containing the elements of CgHgNS^ + NH3. This compound is 
believed by MM. Dumas and Pelouze^ who examined it, to 
belong to die class of amides. Oil of mustard is deprived of 
all its sulphur by distillation with hydrated oxide of lead, am- 
monia being formed with sulphuret of lead and another crys* 
talline substance, rinapolinej C23H94N4O4, which also remains 
in the retort. (Simon). 

> To this class of essential oils also belong, oil of horgeradishy 
from Cochlearia armoracia and C. officinalis, oil of ffortie, from 
Allium sativum, oil of onions, from AUima cepa, oil of asiofcetida^ 
from Ferula assafoetida, oil of water pepper. Polygonum hydro- 
piper, of Arum maculatum ; also those of Lepidium latifolium^ 
and of hops, Humulus lupulus. 

The substances which follow are allied to the essential oils. 

Nicotianine, a volatile fatty matter obtained in minute quan- 
tity by distilling tobacco leaves with water. It is bitter and 
has a strong smell of tobacco. 

Asarine, from the root of Asarum Europeum, a crystalline 
substance, fusible in boiling water, volatile, having an aromatic 
smell and taste resembling camphor. Its composition is 
expressed by Ci0H,|O4 (Blanchet and Sell.) 

Anemonine from Anemone pulscUilla, netnorosa and pratensis ; 
a crystalline substance, CgH^Og (Fehling); forms anemonic 
acid with barytes (Loewig.) 

Heknine, from Inula helemum ; obtained by distilling the fresh 
root with water, or by acting on it with hot alcohol. It is crystal- 
lizable in white prisms, melts at 162% and boils about 530". Its 
formula is C^fiJO^ (Dumas), or CigHiJOa (Gerhardt.) With 
nitric add and chlorine it yields two compounds, nitrohelenine, 
CiftHgOj + NO^, BXiAchkmde ofhelenineC^^VL^ja^^Cl^. With 
anhydrous phosphoric acid, heknine yields a hydrocarbon CigHg. 
(Gerhardt, Ann. de Chimie, etc. Ixxii, 163.) 

The wood of QMOsria amara contains a crystalline body, so 
also do the pods of Epidendron vanilla, and the seeds of Tan^ 
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ffkinia tnadoffaseariensis^ the last highly poiaonaus, but none of 
them has been fully inyestigated. 

Caoutchouc, or Indian rubber is the dried milky juice of 
aeveral trees which grow in South America and the East Indies. 
The fresh juioe was found by Mr. Faraday to contain in 100 
parts, 31.7 of caoutchouc^ 1.9 of vegetable albumen, a trace of 
wax, 7-13 of an azotised substance, bitter, soluble of a brown 
colour in water and alcohol, and precipitable by nitrate of lead, 
2.9 c^ a substance soluble in water, but insoluble in alcohol, and 
S6.37 parts of water containing in solution a small quantity of 
a free acid, which precipitated nitrate of lead and coloured per- 
salts of iron green without precipitating them. These subs* 
tances are dried and included in common caoutchouc, of which 
the density is 0.9335* Pure caoutchouc carefully prepared 
from the milk is of density 0.925, transparent and colourless* 
or of a light yellowish tint in mass. It contains no oxygen, but 
in 100 parts 87*5 carbon and 12.5 hydrogen, which are nearly 
in the proportion of CgHy (Faraday). 

Caoutchouc is remarkable for its extraordinary elasticity, and 
its application to remove marks qf black lead pencil from paper. 
It is soluble in pure ether; a small bag of caoutchouc left 
in common ether for twenty four hours is softened, and 
may then be greatly expanded by gradually inflating it, so 
as to become light enough to ascend in the air when filled 
with hydrogen gas (Mitchell). Caoutchouc when cut into 
small pieces and well dried at 230*, is dissolved by rectified 
petroleum, and by the rectified oils from tar ; solutions which 
are extensively used as caoutchouc varnish. . Caoutchouc also 
dissolves in the volatile and fat oils, but loses its elasticity in the 
latter. Oil of turpentine is often used in the preparation of 
caoutchouc varnish ; to dissolve the caoutchouc, it is said, after 
it is softened and . expanded by the naphtha. To render 
cloth air and waterproof, Mr. C. Macintosh first applied several 
coats of this varnish to one side of cotton or woollen cloth, and 
then bringing the varnished surfaces of two pieces together, 
passed the double cloth between heavy rollers, by which the 
two pieces are made to adhere, and the intersticial spaces are 
completely filled up. The sheet caoutchouc used by chemists 
is obtained' by sawing o£f a thin slice from a solid block of the 
material. In forming short connecting tubes of it, the sheet 
should be folded round the glass tube it is to fit, and the 
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superfluous edges cut dose to the glass by sliatp scissors ; the 
fresh surfaces being then brought into contact and pressed 
together adhere perfectly. 

Caoutchouc when heated to about 450* enters into fasion and 
forms a viscid adhesive mass* Distilled at a higher temperature, 
it yields a fluid product, which is a mixture of several hydro* 
carbons, difieriug greaUy in volatility, the most. volatile boiling 
at 90* ; and the least volatile at 680*. According to Himly, all 
these volatile oils are of the type C5H4, but from their exami- 
nation by Gregory and by Bouchardat, some of them resemble 
olefiant gas or C4H4. Caoutchine of Hindy is of one <rf these 
liquids, of which the boiling point was constant at 559*. 
Messrs. Enderby observed that the liquid distilled from 
caoutchouc is a solvent of that substance. 
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From their endless variety, these bodies form one of the most 
extensive and indefinite classes of vegetable principles. Like 
the resin of turpentine, which may be taken to represent them, 
they flow from the tree dissolved in essential oils, which are 
removed by distillation with water. In the liquid or soft state, 
they are named balsams, which are all compounds or mixtures, 
like turpentine, of resin and essential oil. There is every reason 
to suppose a close relation in composition between the oil and its 
associated resin, the last being often obviously the product of the 
oxidation of the former. The oxidation of the oil may occur 
by the combination of the entire oil as a radical with oxygen, 
or by the oxidation of hydrogen, and its removal from the oil 
in the form of water, and the replacement of the hydrogen lost 
by oxygen, in equivalent proportions. The point is not decided 
by the analytical information we at present possess, but M. 
Liebig adopting the following composition for : 

Oil of turpentine C40H32 or CjQHig 
And for : 

Resin of turpentine C4^H3o04 or C3QH15O2, 



prefers to repiesent the oil as the hydruret of a radical^ 



or as 
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CjoHis + H, which, like the hydruret of acetyl in olefiant gas is ca- 
pable of combining directly with hydrochloric acid, and forming 
a doable hydruret, C^gHij + HCl, or artificial camphor. The 
same hydruret is qonverted into the resin of turpentine by the 
oxidation and replacement of its atom of hydrogen by an 
atom of oxygen, making C^qHis+O, and the absorption of an ad- 
ditional atom of oxygen by this compound, making CjoHigO^. 

Erery natural resin is a mixture of several resins, quite as 
the essential oils are mixtures. They are separated firom each 
other by their unequal solubility in hot or cold alcohol, in 
ether, in potash and carbonate of potash, or the different solu- 
bilities of their compounds with metallic oxides in these and 
other menstrua^ M. Unverdorben, who first threw light on the 
composition of the natural resins, separated from some, five and 
more resins, all quite distinct substances. They are heavier 
than water, and become negatively electrical when rubbed. 
Some of them which are slighUy soluble in water, have a bitter 
taste, but most of them are quite insoluble in water, and taste- 
less. They are fusible by a temperature above 212®, and are 
decomposed by a strong heat. Many resins, when dissolved, 
redden litmus, combine with bases and possess all the cha- 
racters of adds; some even decompose alkaline carbonates. 
Others are neutral, and do not combine with bases. A large 
number of the resins have been examined and analysed by Pro- 
fessor Johnston, to whose memoirs on the resins contained in 
the late volumes of the Philosophical Transactions, I must refer 
for information respecting individual resins. 

Amber is found in beds of wood-coal, and appears to be 
altered resin of the trees. It is a brittle, hard substance, usu- 
ally nearly transparent, sometimes almost colourless, but com- 
monly yellow or even deep brown, and often includes insects. 
Its density is 1.065. Amber is insoluble in water, alcohol dis- 
solves about one-eighth of it, refusing to dissolve the rest. Al- 
kalies also act only partially on amber. About 10 per cent of 
amber is insoluble in ether; what remains dissolves in oil of 
turpentine and naphtha. Amber thus appears to be a mixture 
of resins and a bitumen. It contains also succinic acid, which 
is obtained from it by dry distillation. 
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Varnishes are made by dissolring resios in alcohol, or oil of 
turpentine, or in a mixture of oil of turpentine and a drying oil. 
These solutions, when spread upon a surface, evaporate, and 
leave it covered by a thin coating of the resin. To diminish 
the brittleness of spirit varnishes, a small quantity of Venice 
turpentine is added, which gives the coating of varnish a certain 
tenacity, or a little linseed oil, either alone or mixed with oil of 
turpentine. 

The least coloured varnish is that from copal, which is gene- 
rally prepared by melting that resin, mixing it while hot with a 
little drying oil, and adding graduaUy to the mixture oil of tur- 
pentine, in quantity equal to the resin. 

Lac varnish or lacker applied to articles of brass, is made by 
heating together : 

8 parts of shell lac 
4 parts of sandarach 
1 part of Venice turpentine 
4 parts of pounded glass 
60 parts of alcohol. 

The use of the pounded glass is simply to asast the solution 
of the pounded resin by preventing it from agglomerating into a 
mass, or sticking to the bottom of the vessel. This is an excel* 
lent varnish, but has a brown colour. 

The varnish usually employed to cover oil paintings, maps 
and engravings, is made of: 

24 parts of mastich 

8 parts of Venice turpentine 

1 part of camphor 
10 parts of pounded glass 
72 parts of oil of turpentine 

The paper ought to be covered by a solution of isinglass, and 
dried, before the application of this varnish, which otherwise will 
sink into the paper, and make it transparent. 
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. GUM RESINS. 

Many plants afford a milky juice when cut or pierced^ such as the 
dandelion and poppy, which when exposed to the atmosphere, 
becomes solid, and assumes different appearances^ according to 
the plant from which it is derived. These concrete juices form 
the gum- resins, which are important from their applications in 
medicine. They are essentially mixtures of resins with gum 
and an essential oil. They form a milky liquid or emidsion 
with water^ the gum only dissolving, while the resin and oil 
remain in suspension together with various other matters with 
which they may be accompanied. Alcohol dissolves only a 
portion of them; but dilute alcohol is their best solvent^ as it 
takes up both the gum and resin. The dilute alkalies dissolve 
them completely, leaving nothing but foreign matter. In their 
number are, ammoniac, galbanum, assafoetida, olibanum, myrrh, 
euphorbium, bdelliimi, aloes, scammony, gamboge, opium, 
lactucarium, upas, and many others. Very few of them have 
much, chemical interest, and their treatment properly belongs to 
pharmacy. 

The resinous adds produced by the action of nitric acid on 
aloes have lately been studied by Mr. E. Schunk ; they are 
remarkable for their splendid red and yellow colours, and form 
well crystallized salts. They are chrysolepimc acidy HO + 
CijHaNjOij; chry9ammimc acidy HO + CigHNgOij; with 
aisetbdc and aloeresimc adds, (liebig's Annalen, xxxix. 1.) 

CHLOROPHYL. 

This name is applied to the green colouring matter of leaves 
and plants in general, which is observed floating in their cells in 
the form of green globules. Ether dissolves the colouring 
matter of these globules, leaving a colourless substance, of 
which the nature is unknown. Chlorophyl is prepared by di- 
gesting fresh green leaves in ether, distilling off the latter^ 
digesting the green residue in alcohol which dissolves it, dis- 
tilling to dryness, and then digesting the chlorophyl in concen- 
trated hydrochloric add. The fine emerald green solution in 
that add is predpitated by dilution with water. The predpi- 
tated dilorophyl is again digested in a concentrated solution of 
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potash, and dissolved by the addition of water. On saturating 
the last solution after filtration, with acetic add, chlorophyl 
precipitates pure, in the condition of beautiful green flocks^ 

Chlorophyl forms, when dried, a bluish green mass^ not 
fusible, insoluble in water, but dissolving of a fine green colour 
in alcohol, ether, concentrated sulphuric and hydrochloric acids, 
and precipitated firom tiiese solutions by water. Its solution in 
alkali is green, precipitated by acids and not by water. Chlo- 
rine converts it first into a yellow substance, afterwards into a 
colourless fatty matter^ Chlorophyl is intermediate in its pro- 
perties between a fat and a resin. Exposed to the light of" the 
sun, it becomes yellow, and is probably then identical with 
warUhophyl, the colouring matter of yellow leaves in autumn* 

CLASS II. 

CONSTITUENTS OF PARTICULAR PLANTS, OR FAMILIES OF PLANTS. 

PIPERIX, 

Formula, C34H15NO6 (Regnault). 

This is a crystalhzable principle in both white and black pep- 
per first observed by M. Oersted ;. but not the cause of the acri- 
mohy of pepper, which is due to a peculiar soft resin. Pepper is 
exhausted by means of hot alcohol, the solution distilled to the 
condition of anextract, and that mixed witii dilute alkali, by which 
the acrid resin is taken up, and the piperin left undissolved as a 
greenish powder, to be purified by repeated crystallization firom 
alcohol. 

Piperin forms rhomboidal prisms, of which the angles are 
85'.40' and 94*'.20', colourless, tasteless, inodorous, fusible at 
212", not volatile. It is scarcely soluble in water, and but 
slightly soluble in alcohol ; in cold sulphuric acid it dissolves 
of a deep red colour. 

ASFARAGIN. 

Formula, C8H7N2O5+2HO. 

A crystallizable substance, first obtained by Vauquelin and 
Robiquet, in the juice of asparagus ; it exists also in potatoes, 
liquorice root, and particularly in the root of Altkea qfftcinaUsy 
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marsh'inallow, from which last it is generally prepared. The 
root is exhausted by means of cold water, the solution concen- 
fluted by evaporation, and left for a long time in a cool place^ 
for the crystallization of the asparagin. It forms pretty large, 
colourless, octahedral crystals, of a weak taste, soluble in 58 
parts of cold water, insoluble in absolute alcohol, but more 
soluble in rectified spirits of wine than in water. These crys- 
tals lose 12.13 per cent of water at 194^ 

Heated with acid or alkaline solutions, asparagin is resolved 
into ammonia and aspartic acid, conducting itself thus like an 
amide. Heated with water alone, under pressure, above 212% 
asparagin is converted into the aspartate of ammonia, by the 
assumption of I atom of water. The formula of anhydrous 
asparamide is CgHgNOg+NH^. 

n^spariic add, HO+CgHgNOg; crystallizes in thin plates, 
slightly soluble in water, and possessed of weak acid powers.^ 

SANTONIN. 

A crystallizable substance, obtained by Koehler and by Alms 
from the seeds of Artemisia sanionica, or southernwood. It 
is colourless and destitute of smell, requires between 4 and 500 
times its weight of cold, and 250 times its weight of boiling 
water to dissolve it. It fuses about 276® without loss 
of weight. The solution of santonin in alcohol reddens 
litmus, but its acid powers are weak. Its compound with 
potash, which has been named the sanionate of potash, is 
decomposed when its solution is boiled for a few minutes, and 
the santonin deposited in crystals when the solution cools. 
It may be combined with other bases, but not without the 
agency of alcohol. Its analysis gave C5H3O, but its atomic 
weight is supposed to be twelve times as high (Liebig).t 

ESCULIN. 

This substance is derived, by means of hot alcohol, from the 
chesnut-tree, ash, and probably other barks. It is in thin 
colourless plates, or a white powder, of a weak bitter taste, not 
fusible without decomposition. It is sparingly soluble in cold 

* WittBtock in Pog^ndorfTs Annalen, xx, 346. 
f Tromsdorff Jnn. ; Liebig*B Aonnlen, xi, 190. 
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water. The solution, by exposure to light, acquires a beautifiil 
blue colour, even when the quantity of esculin is very small ; 
the blue tint ranishes with acids, but is revived by alkalies. 
The composition of esculin is expressed by C,5HgO,o. 

PICROTOXIN. 

The substance to which cooculus indicus, the fruit of Menis^ 
permum cocculus, owes its poisonous qualities, was first investi- 
gated by BouUay* It is obtained by boiling in alcohol tbe 
bruised seeds, after depriving them, by pressure, of the greater 
part of their fat oil, distilling off the alcohol, and dissolving the 
remaining extract in boiling water, slightly acidulated, from 
which the picrotoxin crystallizes on cooling. 

It forms colourless, short and thin prisms, is intensely bitter, 
and not fusible. It is soluble in 25 parts of boiling water, and 
very soluble in alcohol; does not combine with acids. It is 
highly poisonous. Its composition is expressed by C13H7O5 
(Regnault)* 

ANTHIARIN. 

The most deadly of the Upas poisons, employed by the 
inhabitants of the East Indian Archipelago to poison their 
arrows, is a gum resin, from the Anthiaris faancartaj of which 
the active principle, anthiarim, was separated by MM. Pelletier 
and Caventou. It crystallizes in fine white plates, which are 
inodorous, sparingly soluble in water, more so in alcohol. It 
acts in the highest degree as a deadly poison. Its composition 



is C14H10O5. 



CAFFEIN. 



A crystalline substance is obtained from coffee, from tea, and 
from guarana, a prepared mass from the fruit of PauUinia 
BorbUis. To obtain it from coffee, the raw beans, well dried, 
are reduced to powder, and exhausted by boiling hot water; 
subacetate of lead is added to the infusion, to precipitate gum 
and other matters, the liquid filtered, and the excess of lead 
thrown down from it by sidphuretted hydrogen. After filtra- 

* Pelletier and Couerbe $ Ann.de Chim. et de Phys. \\y, ISl. 
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tion^ the liquid is concentrated by eraporation ; the caffein 
ciystallizes on coolings and is paiified by a second crystalliza- 
tion. It may be obtained by boiling tea-leaves in water, filtering 
and proceeding precisely as with coffee, and also from guarana. 
It is snow-white, and in fine needles, having a silky lustre, 
which have a very weak bitter taste ; does not act upon vege- 
table colours, and is sparingly soluble in cold water and alcohol. 
It loses, 8 per cent of water at 212% fuses at 352® (176^ centig.)» 
and sublimes at 7^5® (385® oentig.). From its solution it is 
precipitated only by tannin. Boiled in a solution of caustic 
potash, it is resolved into carbonic acid, formic acid and am- 
monia. With sulphuric acid and hydrochloric acid, it forms 
crystalline compounds. According to the analysis of Liebig, 
crystallized caffein consists of CgHgNsOj+HO. The quantity 
of this substance in different kinds of coffee was found by 
MM. Robiquet and Boutron to vary ; Martinique coffee con- 
taining 6.4 per cent, and St. Domingo coffee only 3.2 per cent 
of caffein. It is evideutly not the principle upon which the 
peculiar properties of either coffee or tea depend. 

Ciifeic acid was discovered in coffee by Runge, It is a white 
powder, which yields, when heated, the characteristic aromatic 
odour of roasted coffee. 

Ccumarin is a neutral substance, extracted from the Tonka 
bean, the fruit of the Coumarouna odorata, and the flowers of 
the melilol^ Melilotua offidnalisj which crystallizes in silky 
ne^es, or short prisms. Its composition according to M. 
Henry is CiqHjOj. 

Hesperidtn, a crystalline substance, obtained by M. Lebreton 
from the skin of the unripe orange or lemon. 

Populiny foimd by Braconnot, in the bark of the Populus 
iremtUa, where it is acompanied by salicin. It crystallizes in 
snow-white silky needles, has a sweet taste, not unlike that of 
Uquorice, requires about 2000 times its weight of cold water to 
dissolve it, but dissolves in about 70 times its weight of boiling 
water.* 

PlunAagin, discovered in the root of the Plumbago europea. 

DaphmUj extracted by Gmelin and Baer from the bark of the 
Daphne mezeriumy or common mezerion. It is crystalline^ 
colourless, but little soluble in cold water, soluble in alcohol 

* Ann. de Chini. et de Pfays. t 44, p. 296. 
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and ether. Nitric acid converts it into oxalic acid. It is con- 
sidered by GmeUn and Baer as a body analogous to as- 
paragin. 

VEGETABLE ALBUMEN AND LEGUMIN. 

When fresh ghiten from wheaten flower is digested in hot 
alcohol, till everything soluble is taken up, vegetable albumen 
is left, of a greyish colour. It is soluble in water, and is coagu* 
lated by heat, insoluble in alcohol and ether, and agrees per- 
fectly in properties with animal albumen. 

Braconnot observed a peculiar principle in the fleshy cotyle- 
dons of the seeds of papilionaceous plants, to which he gave 
the name tegumin. Ripe peas, softened with water and reduced 
to a pulp, gave, when mixed with pure water, a milky liquid, 
from which starch precipitated, and which retained l^umin in 
solution, seemingly combined with a vegetable acid. When 
evaporated by heat, the solution does not coagulate, but depo- 
sits the l^umin by little and Uttle, under the form of diapha- 
nous pellicles. It is purified by washing it, while still moist, 
with boiling alcohol. It then has a fine white colour, and 
does not afiect litmus paper. Legumin is soluble in water, 
but insoluble in alcohol. It dissolves very readily in acetic, 
oxalic, citric and other vegetable acids, but is precipitated from 
solution, on the contrary, by the mineral acids, which last, form 
sparingly soluble compounds with legumin. Alkaline hydrates 
and carbonates also dissolve it with fiunlity, and the solutions 
froth like a soap. 

M. Liebig has lately made the interesting observation that 
legumin is identical in properties with the animal principle 
caseifij and has the same composition. It is also accompanied 
by the same salts, namely potash, phosphate of potash, mag- 
nesia, lime and oxide of iron, as the casein of milk. 

NEUTRAL COLOURING MATTERS. 
INDIGO. 

Formula of blue indigo, CigHgNOa. (Crum, Dumas). 

This important colouring matter exists in the leaves of all the 
species of the Indigqfera. It is obtained also from Nerium tine-' 
ioriumy and in small quantity from Isatis tinctoria (pastel or 
woad), and various other plants. In India, the indigofera plants 
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are cat before flowering, and allowed to steep for nine or twelve 
hours in a vat, covered with water, in which fermentation 
occurs *with the evolution of carbonic acid and hydrogen gas. 
A yellow coloured liquor is drawn off into another vat, in which 
it is beat and stiired till it acquires a blu^ colour, and the indigo 
precipitates. It is then drained on calico, placed on proper 
; frames, and strongly pressed by means of screws, cut into 

cakes of the proper size, and dried.* The plant thus appears 
to eontain the indigo in a very different state from that in 
which it is ultimately obtained. It is not certain that it can be 
extracted from the indigofera without fermentation ; but Che- 
vreul has shown that it may be extracted from pastel, by treating 
the latter with hot water firee from oxygen, and that the yellow 
solution thus obtained became blue, and deposited indigo. 

The indigo of commerce is of a deep blue, inclining to black ; 
its fracture is earthy and dull, but becomes of a coppery red 
when rubbed with a hard body, and the more brilliant and like 
copper the colour developed by friction, the purer is the indigo 
considered. It is far from being a pure substance, rarely con- 
taining half its weight of blue colouring matter, and often much 
less. Berzelius separated from it; 1, gluten of indigo^ by 
digesting indigo in fine powder with a dilute acid, which also 
dissolves some salts of lime and magnesia ; 2, a principle which 
he has named indigo brown, by means of a concentrated solution 
of caustic potash gently heated; and 3, indigo red^ by afterwards 
boiling the indigo repeatedly with alcohol of density 0.830. 
Indigo blue remains^ but is not yet absolutely free from foreign 
matter. 

To obtain it pure, recourse is had to the solution of indigo 
in the ordinary indigo vat, or the indigo purified by the pre- 
ceding processes may be dissolved by imitating on a small scale 
the preparation of the dyer. One part of indigo in an impal- 
pable powder and 2 parts of quick-lime^ recently slaked, are 
mixed, and introduced into a well stopt bottle with about 150 
parts of water. To this is then added two thirds of the weight 
of the lime of crystallized protosulphate of iron in fine powder, 
or dissolved in a small quantity of hot water. The bottle then 
being com^etely full and well closed, is agitated occasionally 

* Dr. Thomson's Organic Chemistry, Vegetables, p. 369. 
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for several hours^ and kept in a warm place till the supernatant 
liquor acquires a yellow colour. The protoxide of iron precipi- 
tated by the lime becomes peroxide, taking oxygen from the 
blue indigo, which in this altered state forms a compound with 
the lime, soluble in water. When the yellow solution of this 
compound is poured out or exposed to air, it rapidly becomes 
blue from the absorption of oxygen, the indigo loses its solubility 
and precipitates. In the usual process of dyeing, the indigo is 
fixed by dipping the yam or cloth in the same solution of 
indigo, and then exposing it to air ; the indigo thus penetrates 
into the cloth in a soluble state, and is rendered insoluble 
afterwards by oxidation within its substance, so that it cannot 
afterwards be washed out. The sediment in the bottle yields 
more soluble indigo, when agitated again with pure water 
slightly heated, or with lime-water. The yellow soltXtions are 
mixed together and freely exposed to air, with the addition of 
a Uttle hydrochloric acid to dissolve the salts of lime, and the 
blue indigo which precipitates is collected, washed upon a filter 
and dried. It is afterwards washed with boiling alcohol by 
M. Dumas to take up the indiffo red of Berzelius. 

The purified indigo, when dry, is of a deep blue, with a shade 
of violet, and when rubbed, exhibits a strong copper red colour 
and metalUc lustre. It is tasteless^ inodorous, insoluble in 
water, alcohol, ether, and not affected by alkalies or diluted 
acids. When heated to about 550% it fuses (Crum), and at the 
same time emits a beautiful purple red vapour and sublimes, 
condensing in small copper-<;oloured prisms, but it is always 
partially decomposed at the same time. To observe the beau- 
tiful appearance of sublimed indigo, ten or twenty grains of 
good indigo in powder may be put upon a pretty thick sheet of 
iron or copper, pressed flat and then covered by- the lid of a 
platinum or porcelain crucible, two or three inches in diameter, 
while the plate is heated sharply by placing it over a lamp or 
choffer. On raising the cover, after the plate is cool, the charred 
mass will be found entirely covered by copper-coloured crystals. 
Their density is 1.35. Blue indigo was carefully analysed by 
Mr. Crum,* and repeatedly by M. Dumas, whose results con- 
firm the original determination of Mr. Crum.f 

* ThomBOii*s AnaalB of Philosophy, second series, v. 82. 

t Dumas, Ann. de Chiin. et de Phys. t. 73, p. 269 ; and 3 s^r. t 2, p. 204. 
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Whiie or reduced indigo is prodaced by the action upon blue in- 
digo of deoxidating bodies of all kinds^ such as the protoxides of 
iron and tin^ sulphites and phosphites and many sulphurets, 
particularly the sulphuret of arsenic or orpiment, but only with 
the concurrence of an alkali or alkaline earthy which may 
combine with the reduced indigo. On neutralising a solution 
of the alkaline compound with hydrochloric acid, carefully 
excluding air, the reduced indigo is thrown down as a white 
predpitate, flocculent, and composed of minute crystalline 
plates. Carefully dried in vacuo, it is coherent, of a greyish 
white colour and silky lustre ; in the dry state it soon becomes 
blue superficially in the air, but requires several days to become 
entirely blue. When humid or dry, it is tasteless, inodorous, 
insoluble in water, soluble in alcohol and ether, which it 
colours yellow; but it is soon deposited from the alcoholic 
solution as blue indigo, when exposed to air. White indigo 
does not affect litmus, dissolves in alkalies without neutral- 
ising them, and has not marked acid characters, although 
it combines with bases. According to the observations of 
Dumas, the conversion of white into blue indigo occurs in air 
without any change of weight, or there is, at the utmost a slight 
but sensible loss. 

White indigo was named indigogen by Liebig, and blue 
indigo considered the oxide of that radical. M. Dumas 
takes another view of the relation between these bodies, con- 
sidering white indigo not as deoxidised blue indigo, but blue 
indigo combined with an atom of hydrogen, and forming a 
hydruret, analogous to the hydruret of benzoyl, thus : 

White indigo . CigHgNOa. 
Blue indigo . . CigHgNOj+H. 

In the oxidation of indigo, on this view, watef is formed and 
liberated. M. Dumas still adheres to this view in his late 
Memoir on indigo. The combustion of white indigo he found 
to be easily affected, but that of blue indigo is attended with 
difficulty, so as to leave some uncertainty as to its composition. 
According to M. Erdmann, the formula of blue indigo is 

Action of sulphuric acid* — Indigo combines with fuming 

2 o o 2 
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sulphuric acid or oil of vitriol, when slightly heated with 
that acid in the proportion of 1 to 8, without any evolution of 
sulphurous acid, and forms a semi-fluid mass, popularly known 
as sulphate ofindigOy which dissolves in a considerable quantity . 
of water, of an intense blue colour. The products of this action 
were first examined by Mr. Crum, whose results form the basis 
of M. Dumas' later investigations. To convert blue indigo 
into sulphindytic acid^ the latter chemist recommends the 
digestion of the indigo in a large quantity, not less than 1 5 
parts, of concentrated oil of vitriol, for three days in a bath 
maintained at a temperature of 120^ or 140^ The solution is 
afterwards diluted with water and filtered, although when these 
precautions are attended to, little or nothing insoluble remains 
on the filter. To the limpid liquid a strong solution of pure 
acetate of potash is added, and the precipitate which falls is 
washed with acetate of potash, in which salt the sulphindylate 
of potash is insoluble although soluble in water ; the acetate of 
potash remaining in the precipitate is got rid of by difi^using 
the latter through a quantity of ordinary alcohol and filtering 
again. The blue matter remaining when well dried at 212% 
gave by analysis, KO + CigH^NOySgOg ; conducting to the 
following formula for hydrated sulphindylic acid, HO + 
Ci6H4NO,S20g. Blue indigo thus appears to lose HO in the 
formation of stdphindylic acid. Sulphopurpuric acidy remains 
upon the filter in the preparation of sulphate of indigo, when 
8 or 10 parts only of sulphuric acid have been employed to i of 
indigo. It is drained, and washed with diluted hydrochloric 
acid, till the washings are coloutless and firee from sulphuric 
acid. Ir is then carefully dried about SQS"* (200® centig.). 
This purple acid gave by analysis, C32HioN204-h2S03. The 
sulphopurpurate of potash is obtained by dissolving the add in 
water, and adding acetate of potash to the Uquid ; it precipitates 
in purple flocks, which should be washed first with a solution 
of acetate of potash, and then with alcohol. Its composition 
indicates that the atom of indigo CigHgNOj takes the isomeric 
state C32H1QNO4, to constitute sulphopurpuric acid. M* Dumas 
institutes the following comparison between the indigo and 
benzoyl compounds : 



INDIGO. 917 

C„H,NO, Blue indigo C^fifl^ Benaoyl 

C„HsNO„H White indigo C^Ufi^H Essence of bittdr almonds. 

CieH^NO^ Isatin of Laurent C^HjO^ Salicyl 

Cj^HfO^yH Hydruret of salicyl. 

Action of /used potash on indigo. — M. Gerhardt has made 
the curious obseryation that when blue indigo ia thrown in small 
portions into fused hydrate of potash, that body dissolves losing 
its colour, disengaging abundance of hydrogen and ammoniacal 
gas^ and leaving as a fixed residue a mixture of valerate and 
carbonate of potash* The reaction takes place at the expense 
of the elements of water ; 1 atom of indigo with 14 atoms of 
water giving 1 atom of yalerianic acid^ 6 atoms of carbonic acid^ 
1 atom of ammonia and 6 atoms of hydrogen. On heating the 
saline residue slightly with sulphuric acid, valerianic acid is 
obtained in large quantity. This indeed appears to be the most 
eligible process for preparing that acid. 

Indigo is much used in dyeing, being principally applied in: 
the deoxidised state, and forms one of the most permanent 
colours, resisting every thing except chlorine and nitric acid. 
In the form of sulphate of indigo, it is. used for Saxon blue^ 
which is much less permanent. ^ 

Anilic or indigotic acid, HO + C14H4NO9 (Dumas); is 
formed when indigo is dissolved in nitric acid considerably 
diluted^ and may be crystallized by concentration of the liquid* 
It forms colourless prisms, of a sourish bitter taste, fusible and 
volatile, sparingly soluble in water. It forms crystallizable salts, 
which detonate feebly when heated. The formula of the 
salt of silver is AgO + C J4H4NO9 (Dumas) . The indigo therefore 
in forming anilic acid with nitric acid, loses 2 atoms of carbon 
and 1 of hydrogen. 

Picric add^ carbazotic acid, HO + CiaHjNgOjj (Dumas).. 
This add, which was first known as the bitter of Welter j 
is produced by the action of nitric acid on the preceding com- 
pound, and by the solution of indigo or any other azotised 
organic substance in concentrated nitric acid. It crystallizes 
in yellow brilliant prisms, of a very bitter taste> which are fusible 
and volatile, and bum with flame when sharply heated ; they 
are sparingly soluble in water, which they colour yellow. Picric 
acid is not decomposed by other acids nor by chlorine. Its 
salts are yellow and generally crystaUine ; they detonate strongly 
when sharply heated, or sometimes by a blow, particularly the 
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potash salt. M* Piria has also observed the formation of 
picric acid in the treatment of hydruret of salicyl with nitric acid. 

Chlorisalin, C32H4NCIO3.* When chlorine gas is transmitted 
through water in which blue indigo is suspended, hydrochloric 
add is formed, and th^ indigo is converted into a reddish yellow 
matter, which Erdmann has found to be a mixture of several 
new products, of which the most remarkable are two chlorine 
compounds, which have been named chlorisatin and bichlorisatin. 
When the yellow matter is digested in boiling water, a resin is 
left undissolved, and a solution formed, which on cooling, de- 
posits a reddish yellow crystalline powder, which is a mixture 
of the two compounds mentioned. When this is dissolved in 
boiling alcohol, the chlorisatin crystallizes out first. It forms 
orange-yellow, four-sided prisms, is bitter, soluble in alcohol^ 
but highly insoluble in cold water. It is partially decomposed 
by sublimation. 

Chlorisatin dissolves in a solution of caustic potash, of a red 
colour. When heated, the colour of this solution changes to 
yellow, and a potash salt crystallizes on cooling, in shining 
plates, of which the composition is KO+C32H5NCIO4. It 
contains chlorisatinic acid, into which, under the influence of 
bases, chlorisatin is converted, by the fixation of the elements 
of an atom of water. Strong acids throw down chlorisatin 
again from the potash salt. The salt of lead is a yellow preci- 
pitate, which becomes of a fine scarlet on standing. The salt of 
copper is thrown down brownish yeUow, but becomes blood-red 
and granular. 

Bichlorisatin^ C3gH4NCl203 ; contains twice as much chlorine 
as chlorisatin, but greatly resembles it in properties^ and is 
analogous in its relation to alkalies. The salt of lead of its 
acid is permanently yellow; the copper salt, which first appears 
as a brown gelatinous precipitate, soon becomes greenish yellow, 
and then of a splendid blood-red and granular. It is said 
to form a very fine red on drying, and to take a gold lustre by 
friction. 

Chlorisatyde, C32H5NCIO3; a white substance, which is 
formed when sulphuretted hydrogen is sent through a solution 

* So named from Tsatis tinctoria. These formulae are to be considered 
with reference to the formula ascribed to blue indigo^ by M, Erdmann^ 
namely CjaHjoNoO,. 
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of chlorisatin ia alcohol; the liquid becomes colourless, and. 
sulphur is precipitated at the same time* Bichlorisatin in 
similar circumstances yields bichlariiotyde, Cs^H^NCl^Oj. 
When treated with potash chlorisatyde and bichlorisatyde yield 
chlarisiiiy die 9.nd bichlorisaiycUc acids. 

Chloraniley C^Cl^O^, one of the products of the continued 
action of chlorine upon chlorisatin and bichlorisatin dissolved in 
alcohol. It is a volatile substance in crystalline scales of a 
brass yellow colour^ which is dissolved by potash of a purple 
colour, but is then converted into chloride of potassium and 
chloranilate of potash. Chloramlic add is a reddish powder, 
composed of fine scales ; its composition is C5CIO3. 

ChrysamHc Acid, HO -hC^H^^fi^. When indigo in pow- 
der is added to a solution of caustic potash, of density 1.35, 
and boiled in a silver vessel, an orange-yellow salt is formed, 
without any evolution of gas. The acid is separated as a red- 
dish-brown precipitate on the addition of sulphuric acid to a 
solution of the potash salt ; it is named chrysanilic acid, from 
its relation to aniline and the golden-yellow colour of it^ salts. 
(Fritsche). 

AfUhraniUc Acid^ HO + Ci^HgNOy The solution of the 
fused mass above becomes blue in the air from absorption of 
oxygen, like a solution of white indigo, and blue indigo pre- 
cipitates in crystalline grains. On boiling the solution with 
dilute sulphuric acid, the decomposition proceeds more rapidly, 
and a brown resinous mass is obtained, soluble in alcohol, ether, 
and alkalies. To prepare this acid, the first alkaline solution 
is diluted, and peroxide of manganese added to it in small quan- 
tities, at the boiling point, till the solution gives no black pre- 
cipitate when rendered acid, and its colour is not reddish-brown 
but a dirty greyish brown. This acid, when sublimed, is 
white, and resembles benzoic acid, but the fused sublimate is 
yellow. Its salt of lime is very soluble in hot water, and crys- 
tallizes in colourless rhombohedrons. Anthranilic acid, distilled 
by the heat of a spirit lamp, is decomposed in a considerable 
measure, and resolved into carbonic acid and aniUne. (Fritsche ; 
Liebig, Annalen, &c., xxxix. 7^ and 91.) 

Aniline^ C12H7N (Fritsche) ; an oily liquid, which distils over 
when finely pulverised indigo is decomposed by a highly concen- 
trated .solution of caustic potash or soda in a retort. Its quantity 
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amounts to about 1 8 or 20 per cent of the indi^ employed* 
The density of aniline is 1.028, it boils at 442^4 (228* centig.). 
Its smell is strongly aromatic, but at the same time disagreeable, 
it is sparingly soluble in water, but mixes in all proportions 
with alcohol and ether. Exposed to the air, it acquires a 
yellow colour, and becomes resinous. The most remarkable 
property of aniline, is its basic character. It forms salts with 
acids, assuming an atom of water when it unites with oxygen 
acids, and combining directly with hydracids, exactly like the 
vegeto-alkalies and ammonia. 

Oxalate of aniline is formed by mingling together alcoholic 
solutions of aniline and oxalic acid ; it fiedls as a white powder, 
which is to be washed with alcohol, from which it crystallises 
on cooUng. Its formula is Ci2H7N-hHO,C203. Hydroehloraie 
of aniline is prepared by mixing aniline with hydrochloric add, 
and crystallizing the salt; it dissolves easily in water; its 
formula is CiaHyN+HCL* 

Unverdorben had previously , obtained, among the empyreu- 
matic ipoducts of the dry distillation of indigo, an oily alkaline 
body, which he had distinguished as crystalline^ because it has 
the property of forming crystaUizable salts with acids. It was 
not analysed, but there can be little doubt that it is identical 
with aniline. 

COLOURING PRINCIPLES OF ARCHIL, LFTMUS, AND CUDBEAR. 

Various lichens, which communicate no colour to pure water, 
strike a fine blue with solution of ammonia. They contain 
certain crystaUizable principles, in themselves colourless, which 
are thus modified by assuming the elements of ammonia. The 
history of these principles is still incomplete, although con- 
siderable progress has been made in their investigation by the 
labours of Robiquet, Heeren, Dumas, Kane, and E. Schunk. 
The limits of this work will not permit me to enter into details 
respecting the various bodies obtained, of which I can do little 
more than indicate the names and the composition when deter- 
mined. 

From archil weed, the Roccella tinctoria. Dr. Kane obtained 
the following series of substances, either existing in the lichen, 

* Pritsche in Liebig*8 Anhalco, zxxTi,84. 
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or produced by the adaon of re- agents upon principles existing 
in it. 

1. Erythrilittf C^H^fi^; a white powder, insoluble in water^ 
but oonyerted by ebullition into erythrilin bitter, soluble in 
alcohol and ether, also in alkaline liquids, from which it is pre- 
capitated by an acid ; not volatile. 

2. Eryikriny ^20^13^9 > sparingly soluble in cold water, but 
very soluble in boiling water, and separating on cooling in 
briUianf^ micaceous, snow-white scales ; the solution is colour- 
less, but in air becomes rapidly brown, and is decomposed. It 
is very soluble in alcohol, ether and alkaline solutions, from 
which it is precipitated unaltered by an acid. It fuses at 
220® without losing water, and is decomposed at a higher tem- 
perature without volatilising. This substance agrees in compo- 
sition and properties, and is believed by Dr. Kane to be iden- 
tiical with the pseudo-^erytKrin^ of Heeren, derived from the 
ParmeUa rocceUa, It forms a wine-red solution when exposed 
to the conjoint action of ammonia and air. 

Erythrin bitter^ amarythrifiy C22H13O14; is formed when 
erythrin is dissolved in hot water and exposed some days to the 
action of air. It is a bitter extractive matter, very soluble in 
water, much less so in alcohol, and not at all in ether. It is 
precipitated, like the preceding compounds, by a salt of lead. 
This is the erythrin bitter of Heeren. 

4. Telerytrin, CgaHgO^g; formed when amarythrin, in a 
semi-fluid state is exposed for several months to air, the latter 
changing gradually into a mass of very minute granular crys- 
tals, of a brownish ^yellow colour, but becoming white when 
purified by crystallization from alcohol. 

The ordinary archil (orseille) of commerce is prepared from 
the Parmelia or RocceUa. The lichens are reduced to a pulp, 
and treated with impure ammoniacal liquors. The complete 
production of archil requires a considerable time, and from 
Dr. Kane's observations, the colouring matter is in a constant 
state of transition. 

Orcin (cr.), CigH^s^s y ^ colourless crystallizable substance, 
obtained by Robiquet from the Lichen dealbatua. The dried 
lichen is boiled with alcohol, the solution filtered hot, and dis- 
tilled to the condition of an extract; the last is exhausted 
by water, and the concentrated solution brought by evaporation 
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to a state for crystallization. The orcin is purified by treatment 
with animal charcoal and repeated crystallization. It forms 
colourless, four-sided prisms, of a sweet but disagreeable taste, 
soluble in water and alcohol, easily fused and volatile. Its 
most characteristic property is the becoming of a deep violet 
colour, when exposed to the joint action of anmionia and air, 
owing to the formation of orcein* Orcin forms a compound 
with oxide of lead, of which the formula is CigH^Oj + SPbO. 

Orcein. — The orcein of archil is of a fine red colour, slightly 
soluble in water, but colouring it strongly, and wholly precipi- 
tated from it by the addition of a neutral salt. It is very 
soluble in alcohol, which it colours scarlet, and from which 
water precipitates it. It is scarcely soluble in ether. Orcein 
dissolves easily in potash or ammonia, giving it a magnificent 
purple colour, the colour of ordinary archil ; from this solution, 
the colouring matter may be separated by the addition of an 
excess of common salt. An alkaline orceinate gives with me- 
tallic salts, lakes of a fine purple of different shades, which, 
however, lose much of their lustre in drying. Dr. Kane finds 
the orcein of archil to be often a mixture of two substances, dif- 
fering in their proportion with the age of the archil, which he 
names alpha-orcein and beia-orcein ; the last is produced by the 
oxidation of the first, and is the orcein of Robiquet and other 
chemists. Their formulae are : 

Alpha-orcein . . CjgHioNOs (Kane). 
Beta-orcein . . CiqHjqNOq (Liebig, Kane). 

The last was dried before analysis at 212^ The formulae of 
their compounds with oxide of lead are : that of alpha-orcein, 
CisHioNOg-t-SPbO, and that of beta-orcein, CigHioNOg 
+3PbO. The two orceins are identical in all their essential 
chemical properties ; have the same solubiUty in water, alcohol 
and ether. The formula of anhydrous ore in being CigH^Oj, 
that substance requires only to combine with L atom of am- 
monia, together with 2 or 5 atoms of oxygen, to form the one 
or other variety of orcein. 

In addition to the two orceins, the archil of commerce con<- 
tains erythroleic acid and azoerythrin^ of which the former 
admits of two modifications; besides the yellow nuUter of 
Heeren. 
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jizoeryihrin consists of C^^^jO^ (Kane); by abandoning 4 
atoms of carbonic acid and 9 atoms of water, it will yield an 
equivalent of alpha-orcein. 

Brythroleic add, C<^Yi^^ (Kane), is a purple substance, 
distinguished for its semi-fluid consistence at the ordinary tem- 
perature, and its solubility in ether and alcohol* 

RocceUic acid, CieHi0O4 (Liebig), one of the principles ex- 
tracted by Heeren, 

LUmus. — ^The cubical masses of commercial litmus being 
reduced to powder and treated with boiling water give a deep 
bine solution. The mass of insoluble matter, which is of a paler 
blue than the original substance, is diffused through water and 
reddened with hydrochloric acid. The whole is then thrown 
upon a filter, and the red insoluble substance which remains is 
washed with water until aU excess of hydrochloric acid is re- 
moved and then carefully dried. The mass when completely 
dry is boiled in successive portions of alcohol, until every thing 
soluble in that liquid is taken up. The deep red alcohoUc 
hquors are then distilled in a water-bath to dryness, and the 
resulting solid material digested in warm sulphuric ether until 
the latter no longer becomes coloured. The ethereal solutions 
thus obtained, yield on distillation in a water-bath a fine crim- 
son oily material which is nearly fluid. When purified, this 
matter forms erythrolein, C^j^^^O^. Tliis compound is 
completely liquid at 100°; its solutions in alcohol and ether 
are of a fine red colour, and it tinges water pink, without how- 
ever dissolving in any very sensible proportion. 

The substance from which the erythrolein has been removed, 
and which is distinguished by its solubiUty is erythrolUmm, 
C^H^aOiQ + HO ; it is of a bright red colour, sparingly soluble 
in water, which it colours red. It dissolves of a blue colour in 
potash, and combines with ammonia. 

The brownish red mass which resisted the action of alcohol^ 
yields its colouring material but very sparingly to water also ; 
but it may be dissolved in a large quantity of boiling water, and 
gives by evaporation a deep blood-red mass, consisting of pure 
colouring material, which has been named azolitmin^C^^Yo^^w 
it differs only from alphaorcein and betaorcein in the pro- 
portion of oxygen it contains. 

Another substance occasionally but rarely present in litmus is 
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ipanioHtniin CigH^Oig. It is of a bright red colour^ insoluble 
in alcohol and in ether, and very sparingly soluble in water, 
which it tinges bright red. 

The blue liquors which are obtained in the first place by 
digesting litmus cakes in water contain but a small quantity of 
colouring matter, considering their depth of tint. It is gene- 
rally azolitmin nearly pure ; with occasionaUy a small portion 
of spaniolitmin. 

By the action of chlorine upon orcein, chlororcein is formed, 
CigHjoNOgjCl, which possesses a yellowish brown colour. With 
azolitmin a similar compound of chlorine is produced, 
Ci8HjqNOjo,C1. By the action of nascent hydrogen upon 
orcein, a colourless body is formed, leucorcetn^ CigHigNOg,!!. 
For all these facts we are indebted to Dr. Kane (PfaiL Trans. 
1840, p. 2^8). 

Cudbear^ in German peraiOf is prepared from the Leconora 
tartarea, Parmelia omphalodesj and probably other licheng. 
The lichen is steeped and left for some time in open vessels 
covered by ammonia, till the purple colour is sufficiently de- 
veloped, and then the whole is dried in the open air and reduced 
to a fine powder. 

Mr. Schunk has lately obtained by extraction with ether from 
the Leconora tartarea and other lichens employed in the manu- 
facture of cudbear a white crystalline substance lecanorin, which 
is dissolved by alkalies and precipitated again unaltered by adds. 
But if the alkaline solution is allowed to stand for an hour^ no pre- 
cipitate is afterwards obtained^ the new substance having resolved 
itself into carbonic acid and orcin. When the solution of the 
new substance in barytes-water is heated to the boiling point, 
carbonate of barytes precipitates and the solution yields by 
evaporation large crystals of orcin. It is probable therefore 
that orcin does not exist ready formed in any lichen, but is 
always the product of the action of an alkali, a circumstance 
which has hitherto been overlooked. 

Litmus is much used as a re-agent from its susceptibility to 
the action of acids and alkalies, being reddened by the former 
and having its blue colour restored by the latter. In preparing 
litmus paper an infusion is made of commercial litmus, filtered, 
concentrated by a water bath, and a very small quantity of 
carbonate of soda added. Good letter paper cut into sUps of 
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three inches in breadth is dipt into the infusion^ allowed to dry 
and the dipping repeated ; or the infusion may be applied to 
one side only of thin and sized drawing paper. For red paper^ the 
infusion of litmus is acidulated slightly by means of acetic acid. 
A paper prepared from an infiision of the best cudbear without 
the addition of either alkali or acid has a purple colour and is 
affected by both acids and alkaUes. It is conyenient in alkali- 
metry^ being already too red to be sensibly affected by carbonic 
add^ while it is distinctly reddened by the mineral acids. The 
colours from the lichens are beautiful, but fugitive ; they are 
chiefly employed by the dyer to give a bloom to more fixed 
colours. 

COLOURING MATTERS OF MADDER. 

A&zarm^ G^^xj^x^ (Robiquet). — ^This is a crystalline matter 
of a red colour which was extracted by MM. Robiquet and 
Colin from the ground roots of madder, the Rubia tinctorum. 
To concentrated sulphuric acid an equal quantity of ground 
madder is added in a gradual manner, so as to prevent any 
sensible elevation of temperature ; in two or three days nearly 
all the constituents of the madder are charred and destroyed 
except the alizarin. The acid is then washed out from the 
black mass, which is dried and digested with portions of cold 
alcohol, to take up a fatty matter it contains. The alizarin is 
afiberwards dissolved out by boiling alcohol, the latter solution 
mixed with water, the alcohol distilled off, and the alizarin 
which has precipitated is collected on a filter.f It is a red 
powder, which may be sublimed and is obtained in long flexible 
capillary needles, having an orange colour; but unless the sub- 
liming vessels be very low and flat, almost the whole of the 
alizarin is decomposed. Alizarin is somewhat soluble in boiling 
water to which it commiuiicates arose colour; at 54% it dis- 
solves in 212 parts of alcohol and in 160 parts of ether. It 
has a decided affinity for some animal matters, being soluble in 
albumen, and is precipitated in combination with the latter 
when coagulated. Phosphate of lime appears also to combine 
with the colouring matter of madder, from the well known fact 

* From aUzari the name applied to madder roots in the Lerant. 
t Annales de Chimie et de Physique, tome 34, p. 228 ; and Journal de Phar- 
macies tome 21, p. 392. 
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that the bones of animals which haye taken for some time 
madder mixed with their food, are tinged red. 

The colouring matter of madder has also been examined by 
Gaultier de Claubry and Persoz,* by H. Schlomberger,t and by 
Dr. F; Range4 From their inquiries it is certain that alizarin 
is not the only or perhaps even the most important colouring 
matter of madder. These different inquirers have extracted 
various substances from madder^ but do not agree in the mode 
of representing its constitution ; as the purity however of these 
substances was not tested by analysis, their, definite character is 
necessarily very doubtful. I can only enumerate here the 
different colouring matters extracted from madder by Dr. Runge. 
They are (1) Madder purplej dissolved out from madder, pre- 
viously well washed with water between 56 and 70**, by a strong 
boiling solution of idum, and precipitated from the alum solutioa 
by the addition of sulphuric acid. When purified it is a light 
crystalline powder of a beautiful orange-yellow colour. When 
used in excess it imparts to cotton impregnated with the alum 
mordant, a deep reddish brown purple colour ; but if on the 
contrary the cotton be in excess, the colour is bright red. 

(2) Madder red, the alizarin of Robiquet and Colin, which ac- 
cording to Runge may be sublimed a second time without 
decomposition. It may be separated from madder purple, in 
consequence of its insolubility in a strong solution of alum. 

(3) Madder orange^ which is distinguished and separated from 
the two former, by its httle solubility in spirits. When in 
excess it imparts to alumed cotton a bright orange colour. If 
water be added to a hot solution of it in spirit, small crystals 
separate, as with madder-red and madder-purple under the 
same circumstances. (4) Madder yellow is remarkable for its 
great solubility in water and its little affinity for doth impr^- 
nated with alum. It abounds in Dutch madder. (5) Madder 
brown, another principle, which like the last has no value as ft 
dye stuff. 

The most fast and brilliant reds are obtained upon cotton by 
means of madder, as also an equally stable and valuable purple ; 

* Ann. de Chim. et de Phys., t. 48, 72. 
t Bulletins of the Industrial Society of Mulhsusen. 

t Dr. R. D. Thomson's Records of Science, vol. 2, p. 452, and vol. 3, pp 44 
and 135. 
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the first are known as Adrianople or Turkey reds. The colour- 
ing principles of madder hare an affinity for the earth alumina 
and peroxides of iron and tin^^ke other organic colouring 
matters soluble in water^ and form insoluble precipitates with 
these oxides, which are known as lakes. By impregnating 
cotton cloth with a solution of acetate of alumina, or with alum 
of which the acid has been in a great measure neutralised by an 
alkali, it retains a portion of that earth, (or of either the other 
metallic oxides mentioned if treated with a solution of their 
salts), of which it is not deprived by washing ; these oxides 
having an attraction or affinity for the fibre of the cotton. If 
the cloth so prepared be introduced into a hot solution of any 
organic colouring matter, the latter is taken up from the solution 
and becomes attached to the cloth by combining with its alu- 
mina, which thus forms the link that unites the cloth and 
colouring matter. The alumina is termed the mordant, and 
such is the ordinary method of fixing colours by means of 
mordants. Cotton may be dyed with madder by this simple 
process, but the colour is dull. To produce a fine red the 
doth must be submitted to a long preparation occupying some 
weeks, and consisting of a number of operations, the effect of 
many of which is very imperfectly understood, but every one of 
them nevertheless indispensable for a good result. The chief 
features of this remarkable process, without entering into a 
detail of the routine operations are (1) the impregnation of the 
cloth with an imperfect soap and some principles from sheeps' 
dung. By this treatment, which consists of several operations 
repeated more than once, the cloth acquires an animal odour, 
which it retains through the rest of the operations. It is said that 
when old cotton cloth that has been worn about the person and 
frequently washed is to be dyed, this process may be omitted 
altogether. (2) The cloth is afterwards soaked in an infusion 
of vegetables or of sumach, which gives it a yellow colour and 
assists also in fixing the madder afterwards, this is the galling, 
an accessory operation not confined to madder dyeing. (3) 
Alumina is fixed in the cloth in the manner previously described. 
(4) The cloth is then dyed by entering it into a boiler with 
ground or chopped madder while the water is cold, gradually 
raising the temperature, and boiling them together for a couple 
of hours. A certain quantity of bullock's blood is also added 
to the madder bath. The colour thus fixed is brownish red 



928 NEUTRAL COLOURING MATTERS. 

and dull, owing to the Madder brown being fixed in the doth, 

as well as the madder purple and madder red. The object of 

(5) the clearing process is to%et rid of the brown which is not 

nearly so fixed as the red. It consists of boiling the cloth in 

alkali and soap ; afterwards with soap and protochloride of tin 

under a pressure of two atmospheres, and finally exposing the 

cloth oil the grass to the sun for a few days. 

If the cloti^ be prepared and dyed with madder in the same 

manner, with the exception of duu^g it with an iron instead of 

an aluminous mordant, it is dyed of a beautiful and permanent 

purple, instead of red.'C 

CARTHAMIN. 

Safflower consists of the flowers of Carthamus tinciorius; it 
contains two colouring matters, a yellow, which is of no value, 
and a beautiful but fugitive red used in silk dyeing, which is 
named carthamin or carthamic acid. The yellow matter is 
soluble in water, the red insoluble in water but soluble in alka- 
lies. They are separated by adding an acid to an alkaline in- 
fusioi;! of safflower, which throws down the carthamin, and 
afterwards passing clean cotton yam through the liquid; in 
these drcumstances, the yarn takes up the carthamin entirely 
and is then washed with water. The pure carthamin is afterwards 
stript from the cotton by an alkali and the solution is employed 
to dye silk by acidulating with citric acid, and then passing the 
silk through the liquid in the usual way by means of a winch. 

The pigment rouge contains precipitated carthamin intimately 
mixed with finely divided talc. 

According to Doebereiner, carthamin has an acid reaction ; 
it is but slightly soluble in alcohol or ether. Soda saturated 
with carthamin is said to crystallize in fine colourless needles 
having a silky lustre, and becoming instantly red when an acid 
is added. 

HEMATOXYUN. 

This is the colouring matter of logwood, the wood of the 
HiBmatoxylon campeachianum \ it was named Hematin by 

* An ontliDe of the process of Turkey red dyeing as practised at Glasgow is 

given by Dr. Thomson, in his Organic Chemistry, VegeUbles, p. 39S. For this 

and other dyeing processes, see also Leuch*s Traits compUt des Maiih^et T\nc^ 
9riaic*, 
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M. Cbevreul^* who first distinguished it. It is sometimes so 
abundant as to exist in the wood in large crystals. The rasped 
or chopped wood is exhausted by means of water of a tempera- 
ture between 122® and 131% the solution eyaporated to dryness 
by a water bath, the residue lixiviated with alcohol of 0.843 
density, and the filtered solution distiUed to a syrup, from which 
after the addition of a little water the hematoxylin is gradually 
deposited. 

It crystallizes in reddish yellow scales, soluble in 1000 times 
their weight of water, dissolving easily in alcohol and ether. 
Acids in small quantity make it yellow, in large quantity red. 
The alkaline bases impart to a solution of hematoxylin a 
violet, purple or blue colour. Its decoction is deprived of 
colour by sulphuretted hydrogen (which has the same action on 
litmus,) and by nascent hydrogen ; much of the hematoxylin 
probably exists in this state in the wood and acquires colour 
in the course of its application as a dye. Cloth impregnated 
with alumina is dyed black in a decoction of logwood, and of 
a fine brown in a mixture of logwood and madder. It enters 
into the materials for dyeing hats and broad cloth black ; the 
effect of an acid in staining them red is due to its presence. 
By dry distiUation hematoxylin yields ammonia, proving that 
it contains nitrogen. 

BREZIUN. 

This name has been applied by Chevreul to the colouring 
matter of Brazil wood, which comes to this country from 
Brazil and Pemambuco, and is the wood of several species of 
Ciesalpina, It is obtained by similar processes with the pre- 
ceding colouring matters. 

Brezilin crystallizes in orange prisms, soluble in water and 
alcohol. Acids give it a yellow colour ; with citric acid the 
yellow is particidarly fine. When neutralised with alkali it 
becomes again of a fine red, but with an excess of alkali violet 
or blue. In the tree it is nearly colourless, owing to the presence 
of free acid, and its fine red colour does not appear till aU the 
acid which it naturally contains is saturated. This saturation 
is generally effected by sprinkling the ground wood with a 

* Ann. de Chim. et de Phyt., t. 81, p. 128. 

2 P P 
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solution of carbonate of soda, when its colour is said to be 
raised. A very minute quantity of alkali gives an infusion of 
Brazil wood a violet colour, so that it is a delicate test of 
alkalinity. Alum and the acetate of alumina throw down from 
it an abundant carmine precipitate, while the liquid retains the 
same colour; these compounds form the basis of c<Nnmon red 
ink. For some years past brazil-wood has been nearly super- 
seded in this country by a wood imported from Africa, and 
named camwood by dyers, which is richer and gives a finer 
colour than any of the varieties of Brazil wood. It is also not 
so much affected by alkalies, nor so liable to assume a violet 
4shade; and the yellow colouring matter with which it is mixed 
gives the red a more lively appearance (Dr. Thomson.) But 
the colour of these and all other red woods has little permanence 
And does not produce fast colours. 

BERBERIN. 

This is a crystalline substance of a fine yellow colour derived 
by the MM. Buchner from the bark of barbery root, Berberis 
-vtUffaris.* The root is exhausted by means of boiling water, 
the decoction concentrated to the consistence of a soft extract, 
and this digested repeatedly in alcohol of 0.844, so long as liie 
liquid acquires a bitter taste. These tinctures are filtered, a 
considerable portion of alcohol distilled off, and the residue lefb 
in an open vessel to crystallize in a cool place. It forms fine 
prisms of a clear yellow colour, without odour, but having an 
intensely bitter taste. It is not fusible without decomposition. 
It is sparingly soluble in cold water, largely soluble in hot 
water, soluble in alcohol, forms compounds with bases, and pre^ 
cipitates readily all metallic salts. Its composition is expressed 
by CggHigNOij. Berberin answers very well as a dye stuff, 
and gives a fixed yellow on cotton cloth without any mordant. 
It forms also a powerful tonic. 

QUERCITRIN. 

The yellow colouring matter of quercitron bark has lately 
been examined by M. Bolley.f It was obtained from a decoc- 

• Journal de Phftrmacie, t 17, p. 40 and I. 21, pp. 309, 408. 
t Liebig's Annalen, xxivii, 101. 
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tion of ihe bark clarified by albumen^ and having its tannin 
pi^pilatad by iainglaaa, evaporated to an extract and treated 
as usual with strong alccdioL It requires about 400 parts of 
boiling water for solution, but dissolves in 4 <»: 5 parts of 
absolute aieohoL It is deposited in little cauliflower looking 
massaSj which by a magnifying power of 10 times are seen to 
be composed of small crystals. It yields by dry distiUation a 
yeUoaw liquid; winch soon solidifies as a dear yellow mass; 
this Clisvseul considered as unaltered quercitrin« As it restores 
the ccdour of reddened litmus paper, and combines witii and 
neutrafiaes bases, M. BoUey considers it an acid and names it 
QitercUrcnic add. The foimula of tiie crystallised acid, which 
agrees witii analysis, is HO+Ci^HgO,, of the salt of lead 
n»0 +C|5H^O^. Herm. Trommsdorff found polychrome to have 
tiie same oompositi(m, and represented it by the same for- 
mula halved.* 



CHAPTER VIIL 
Aans. 

SECTION I. 

ACTDS SUPPOSED TO CONTAIN CARBONIC OXIDE. 

Carbonic acid, and -chlorooarbonic acid, may be considered as 
combinations of carbonic oxide, as they are flMmed by the union 
of thast TMfical with oxygen and chlorine. Carbonic oxide also 
unites witii potassium, and by the decomposition of this com- 
pound, crooonic and rhodixonic adds are produced. Oxalic and 
mdUtic adds also appear firom their composition to contain the 
same ludicaL 

OXAUC ACID. 



Formula of the hydrated add, HO,Cs03+2HO. TUs add, 
discovered by Scheele in 177^3 exists in the fona of an add salt 

* Liebis*8 Annaleii, xir, 205. 

2 P P 2 
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«olut ^ ^^ ^fl^/»rticularlyinthc8pc- 

Bn 4/^^^!1^^^^0xmI»^ of lime occurs likewise as a 

all ^ v^!^*^^^^^^ ^ ''*^^* ^*^ ^ species of urinary 

if 4 A*'* ^*r^^ip^/t ^^ nitK/uced by the oxidation of carbon 

^ ^iiw 'piitf^^^^ of circumstances, being the general 

f*^^^^'^ IfifiM^'^ '"Jltion of organic substances by nitric acid, 

fHaJuct ^^ ^pot»^9 *"^ ^y fused potash. Those matters 

hfP^f^^'^^ sfg^^ and hydrogen in the proportion of water, 

^iucl» ^^^^gcBt quantity of oxalic acid. 

fiirni^ -J has b^^ derived in quantity from lichens, but it is 
f^^' spared by acting upon 1 part of sugar, or better, starch, 
^^ latB of nitric acid, of 1.42, diluted with ten parts of water 
Af '^^Q jieat till no gas is evolved, and evaporating to crys- 
'^.y^ The crystals must be drained, and crystallized a second 
^^^^8 they are apt to retain a portion of nitric acid. 
It forms long, four-sided, oblique prisms, with dihedral sum- 
taits or terminated by a single face. These crystals contain 
ititee atoms of water, one of which is basic, and the other two 
institutional, or water of crystallization. The latter two may 
be expelled at a temperature above 212% and the protohydrate 
rises at die same time in vapour, and condenses as a woolly 
sublimate. Heated in a retort, the hydrated acid undergoes 
decomposition about 311% and is converted into carbonic oxide, 
carbonic acid, and formic acid, without leaving any fixed residue. 
Nitric acid, with heat, converts oxalic acid into water and car- 
bonic acid. When heated with sulphuric acid, oxalic acid yields 
equal volumes of carbonic oxide and carbonic acid ; CqOs being 
equivalent to CO + CO^, (page 308). No charring, nor evolu- 
tion of any other gas occurs, so that the action of concentrated 
^sulphuric acid affords the means of recognising oxalic acid or 
any oxalate. Crystallized oxalic acid is soluble in 8 parts of 
water, at 69% in its own weight of boiling water, and in 4 parts 
of alcohol, at 59^. 

Oxalates. — With potash, and with ammonia, oxalic acid forms 
neutral oxalates, binoxalates, and quadroxalates. Oxalate of 
potash, KOjCjOgH-HO, contains 1 atom of water of crystal- 
lization, which it loses a litde above 212®; it crystallizes 
generally in prisms of six unequal sides, terminated by oblique 
dihedral summits ; these crystals are soluble in 3 parts of water. 
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insoluble in aloohoL Binoxolaie ofpotoBk^ KOyCjOg + HO^CaOg. 
+ 2HO, is sold under the name of salt of sorrel ; it crystallizes 
in oblique^ diaphanous rhomboidal prisms^ which are soluble in 40 
parts of cold water^ 6 parts of hot water, and insoluble in alcohoU 
Quadroxalate of potash, KO,Ca03 + HO,C203+2(HO,C203 
+ 2HO), crystallizes in oblique octohedrons, of which two 
angles are truncated. This salt appears to be a compound of \ 
atom of binoxalate of potash^ with 2 atoms of hydrated oxaUc 
acid ; the A atoms of water of crystallization, of the last menr 
tioned constituent escape when the salt is heated to 262°, 
(page 172)* Oxalate oi soda, NaO^C^Og, is the only anhydrous 
alkaline oxalate, and is the least soluble of the salts of soda^ 
There is also a binoxalate of soda* The oxalates of ammonia 
correspond in number and composition with the salts of potash.. 
The neutral oxalate of ammonia, which is formed by neutralising 
oxalic acid with carbonate of ammonia, is much used as a re* 
agent, particularly to separate lime from magnesia, and generally 
to precipitate lime. It is less soluble than oxalic acid. When 
distilled in a glass retort, by a heat gradually increased, oxalate 
of ammonia affords a dirty white sublimate of oxamide, C2O3 
+NH2 (p^e ^^7)9 together with ammonia, carbonic acid, car- 
bonic oxide, and cyanogen. 

Oxalate of lime, CaO,C203+2HO is thrown down as a bril- 
liant white precipitate, remarkable for its insolubility. It is 
insoluble in acetic acid, but soluble in nitric and hydrochloric 
adds. It leaves, when heated to incipient redness by a spirit 
lamp, a white residue of carbonate of lime, from which the pro- 
portion of oxalic acid, or of hme, may be inferred. The oxalates 
of magnesia, zinc, and manganese, have the same composition as 
the oxalate of lime. The first mentioned possesses a small 
degree of solubiUty, the others are insoluble. Oxalate of copper 
forms a double salt with oxalate gS ammonia, which corresponds 
in composition with the binoxalate of ammonia. Oxalate of 
barytes is expressed by BaO,CQ03 + HO *, it is quite insoluble in 
water. Oxalate of silver is an insoluble white powder, which ia 
anhydrous. (Phil. Trans. 1827^ p. 47). 

Tlie double oxalates of chtomum, and the aluminous class 
have already been described (pages 519, 566, and 611). 
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RHODIZONIC ACID. 

Formida of the acid supposed anhydrous : C^O^. Of the 
salt of potash^ 3KO+C7O7; of the salt of lea^SPbO+C^O,, 
(Thaiilow). 

This body^ which deiiyes its name from the red coloxir of its 
salts, was first observed by L. Gmelin, and recognised as a 
new acid by HeUer. Potassinm, gently heated in carbonic 
oxide/ absorbs that gas with avidity, fusing of a green tint, and 
spreading over the sides of the vessel ; afterwards the oxicar- 
buret becomes black and porous. Allowed to cool, it is dis- 
solved with water, when a violent disengagement of combustible 
gases occurs, and a red solution is formed, containing rhodizo- 
nate of potash. The same oxicarburet of potassium is formed 
in large quantity, as an accidental product in the preparation of 
potassium from carbonate of potash and charcoal being found 
as a black mass in the neck of the i^tort, or in the receiyer with 
the potassium. The salt from the oxicarburet may be depriyed 
of the excess of caustic potash by alcohol, in which the rhodi- 
Eonate of potash is insoluble. 

Rhodizonic acid is apt to undergo decomposition in being 
liberated from its salts, and has not been obtained in a state of 
purity. All its salts are red, and in the dry state have a itietallic 
lustre, and reflect green. Its potash salt undergoes a remarkable 
decomposition when its solution is heated, being converted into 
free potash, oxalate of potash, and crooonate of potash : 

»KO + C,0;=KO and KO+C,Os and KO+C^O^. 

CROCONIC ACID. 

Formula of the aeid supposed anhydrous, C5O4. 

His acid derires its name from the saffiron colour of its salts; 
St was discovered by L. Omelin. The croconate of potash is 
deposited in long yellow and brilliant needles from a solution of 
rhodizonate of potash, which has been decomposed by ebullition. 
Th6 add may be obtained free, by decomposing croconate of 
potash by hydrofluosihcic add, and evaporating to dryness. It 
is strongly acid, crystallizes of a yellow colour easily, and is 
soluble in alcohol. 
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Crecanaie of poiaah^ KO,C504+2HO, crystaUiaes in long 
orange prisms of 6 or 8 sides, having a nitrous taste ; loses its 
2 atoms of water at a moderate heat and beeomes lemon yellow. 
It is ix^soluble in alcohol, in comDM>n with all the salts of this 
add, except the croconate of ammonia which is soluble in 
alcohoL 

Croconate qf kad, PbO,C504+HO, precipitates in golden 
yellow micaceous plates, when a hot and dilute solution of 
acetate of lead is added to a solution of croconate of potash oon^ 
taining acetic acid* 

Hydiated CToconic add has been considered as a hydracid, 
H + C5O5, that is, a compound of hydrogen, and a salt-radical; 
a constitution which is analogous, being assigned to melUtic 
add. 

The gas evolved when oxicarburet of potassium is dissolved 
in water is not pure hydrogen, but contains carbon, and is dis- 
tinguished> according to Mr. E. Davy, from all the other car- 
burets of hydrogen, by the property it possesses of inflaming at 
the ordinary temperature and depositing carbon, when miiced 
with an equal volume of chlorine* 

MEUJriC ACID. 

Formula of the crystallized acid : H,C404, or HO + C4O3 
of the mellitates dried at 212", M,C404+HO, or M0,C403 
+ H0. 

This add was discovered by Klaproth in a rare mineral, 
tnelUte^ which is the mellitate of alumina. The free acid is best 
obtained, according tp Wcehler, by decomposing the mellitate of 
lead by sulphuretted hydrogen ; it is a white crystalUne pow- 
der, soluble in water and alcohol ; from the last of which it 
crystallizes by slow evaporation in needles radiating from a 
centre. The dry acid is not altered by a temperature of 572" 
(300* centig.), nor is it decomposed by boiling nitric or sulphuric 
add. 

Mellitates. — Potash, soda and ammonia form add besides 

neutral mellitates. Nitrate of potash forms a remarkable double 

salt with bimelUtate of potash, KO,N03-h4(HO,M-fKO,M) 

+6H0, described by Woehler. It is remarkable that the 

nitrates particularly give rise to combinations in such propor- 
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tions. Neutral mellitate of ammoma undergoes a remarkable 
decomposition by heat, which has been lately inyestigated by 
WcBhlen Heated for some time between 302* and 320*, it 
loses ammonia, and is transformed into a pale yellow powder, 
which water decomposes into two substances, one of which, 
paramide, is white and insoluble, and the other a soluble am- 
moniacal salt, of which the acid is named euckronie (from 
cvxpooff, of a fine colour). The composition of paramide is 
CgHNO^; it appears to be formed from 2 atoms of mellitate of 
ammonia, CgHgN^Og, by the loss of 1 atom of ammonia and 
4 atoms of water. By boiling with water, particulariy under 
pressure at 392* (200* centig.), it is converted into acid mellitate 
of ammonia. 

Euchronic acid, 2HO,C|2NOe+2HO, is separated from the 
above acid ammoniacal salt by nitric or hydrochloric acid. It 
crystallizes in very small, colourless, rhomboidal prisms, which 
have a strong acid taste, and dissolve with difficulty ; they lose 
2HO at 392*. It fuses and is decomposed above 536*. When 
crystallized euchronic acid is heated to 392*, in a glass tube 
hermetically sealed, with a quantity of water insufficient to dis- 
solve it, a complete solution is obtained, in which, however, the 
euchronic acid is converted into acid mellitate of ammonia. 
Euchronic acid is distinguished from aU other organic com- 
pounds by the way in which it comports itself with metallic 
zinc. A slip of zinc dipt in a solution of this acid, immediately 
becomes of a magnificent blue colour at its surface ; this colour 
becomes at the boiling point nearly as intense as that of indigo* 
Washed and dried, it forms a black mass which contains no 
zinc. When slightiy heated, even upon paper, it becomes im- 
mediately completely white, and is changed anew into euchronic 
acid. M. Wcehler applies the name ettchroneto the blue compound, 
and considers that the action of zinc in its formation is a deox- 
idating one, euchrone being an inferior degree of oxidation of 
the radical of euchronic acid, or that radical itself; but from 
want of material this singular and most interesting body was 
not fully investigated. (Ann. de Chim. &c. 3 s^r. ii, 78). 

Mellitate of silver undergoes a particular decomposition at 
356*, losing an atom of water, and becoming Ag,C404. 

Mellitate of alumina, native mellite or honeystone is com- 
posed of Ala03,3C404H + 1 8HO, according to Woehler. It 
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crystallizes in r^ular octohedronsv of a honey-yellow colour ; 
is insoluble in cold wator, and decomposed by boiling water. 

SECTION II. 

MECONIC ACID AND ITS CONGENERS. 

MecofAc acidy 3HOyCi4HOii+6HO^ is a tribasic acid^ which 
crystallizes with 6 atoms of water of crystallis&ation. It is 
found only in opium, of which it is the characteristic add ; it is 
named from fuyrwr, the poppy. It is best obtained by decom- 
posing meconate of potash dissolved in 16 to 20 parts of hot 
water with 2 or 3 parts of pure hydrochloric acid^ and crystal- 
lizes on cooling. The solutions in this process must neither be 
boiled, nor filtered tlurough paper, as the latter may contain 
iron. (Robiquet). It crystallizes in pearly plates, which are 
soft to the touch, and possess an acid and astringent taste. It 
is sparingly soluble in cold water, but very soluble in hot water; 
it is equally soluble in alcohol. Salts of the peroxide of iron 
produce a deep red solution with meconic acid, without occa- 
sioning any precipitate. Chloride of mercury does not destroy 
the colour of this solution (Pamell), a property by 'which me- 
conic acid may be distinguished from the persulphocyanide of 
iron, which is also red, but becomes yeUow when chloride of 
mercury or gold is added to it. 

A concentrated solution of meconic acid becomes yeUow, 
when boiled, and then deep brown, and there are formed car- 
bonic acid, oxalic acid, comenic acid, and a dark brown matter. 
Boiling dilute sulphuric acid, or hydrochloric acid, converts it 
with effervescence into carbonic acid and comenic acid. 

The mecanates contain all 3 atoms of base, one of which is gene- 
rally water. Meconate of lead contains 2 atoms of oxide of lead; it 
is an insoluble white powder, which is thrown down from a solu- 
tion of opium by acetate of subacetate of lead. After being washed, 
it is diffused through water and decomposed by a stream of 
sulphuretted hydrogen, to liberate the meconic acid, which may 
then be indicated by a persalt of iron ; becoming of a wine-red 
colour. 

Comenic acidy 'JHOyC^iflfi^y a bibasic acid, which crystal- 
lizes in very hard crusts or crystalline grains, with nothing 
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more than its basic water. It is formed, as already stated^ 
on boiling a solution of meconic acid with a pretty strong 
acid; also by heating dry meconic acid to 392% when 
carbonic add is disengaged till the temperature rises ta 
446% when the meconic acid is found to be entirely con- 
verted into comenic acid. In this transformation, the former 
hydrated acid loses 2 atoms of water and 2 atoms of carbonic 
acid : C,4H40i4=<5„Hj08 and Hfi^ and 0^04. 

Comenic acid dissolves in IS parts of boiling water ; its solu- 
tion decomposes the alkaline carbonates, and reddens salts of 
peroxide of iron. At 572*", it is decomposed and resolved into 
water, carbonic acid and pyromeoonic add* The comenates 
contain all two atoikis of base, one of which is occasionally 
water. 

Pyromecomc meidy HO^Ci^HsOs, a monobasic add, which 
presents itself as a colourless sublimate^ composed of brilliant 
flattened plates, when crystallized comenic acid is submitted to 
dry distillation : C,<,H4O|0=C,^H3O5 and HO and C2O4. Its 
taste is styptic, with a bitter after*taste; it fuses between 
248® and 257^ into an oily liquid, and subUmes without leaving 
any residue. It is very soluble both in water and alcohoL It 
reduces a solution of gold, and eommunicates a red colour to 
solutions of peroxide of iron. Its salt of lead is a white pre* 
dpitate, of the composition, PbO,C|oHa05. 

SECTION III. 

TANNIC ACID AND BODIES ALLIED TO IT. 

The formula of tannic add or tannin dried at 212*" is 3HO 
+ ^18^5^9 : it is a tribasic add. 

Tannic acid occurs in the bark of all the varieties of Quercus 
and many other trees, and in gall-nuts, from which it is pro- 
cured in greatest purity. It is prepared, after Pelouze, in a 
percolator or apparatus of displacement, fig. 95, the lower 
opening of which is closed by a plug of cotton, and the vessel 
entirely filled with broken gall-nuts, which are more suitable 
for the experiment than the powder of gall-nuts. Over the 
gall-nuts as much aqueous ether is poured as the vessel will 
I contain, and the mixture left to digest for several hours. 
The liquid is then permitted to run off into the caraffe bdow^ 
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by loosening the stopper above and admitting air. It Fig. 95. 
is found to divide into two liquids, of whidi the 
denser syrupy and yeUowish one, is a very concentrat- 
ed solution of tannic acid in water, and the lighter, 
which is coloured green, an ethereal solution of gaUte 
add and other matters. Additions of ether are made 
to the gall-nuts, so long as two different liquids flow 
from the lower orifice. The aqueous ether employed 
is obtained by agitating common ether with wator. If 
the gall-nuts be moistened with water before the 
addition of the ether, the solution of tannin which 
comes off is highly coloured; but if the gaB-nuts be 
merely eicposed to steam, and washed in the perco- 
lator with anhydrous ether, the process succeeds 
equally well as with the aqueous ether. jf^ 1 

By the evaporation of the solution of tannin, a yellow 
Hght mass is generally obtained, which is purified by so- 
lution in water, and evaporation in vacuo over sulphuric acid. It 
then forms a mass colourless or slightiy yellow, which is not crys- 
talline but resembles dried gum, and becomes somewhat deeper 
in tint in humid air, but is not otherwise altered. It is dis- 
solved easily by water and in large quantity ; the taste of the 
solution is purely astringent without bitterness, it reddens vege- 
table blues, and decomposes alkaline carbonates with effer- 
vescence. Tannic acid is soluble in aqueous alcohol, but only 
very slightly soluble in ether. ' Its solution is affected by air, 
particulariy at a high temperature, oxygen being absorbed and 
an equal volume of carbonic acid evolved, while the tannic acid 
is transformed into gallic and ellagic acids. But the solution of 
tannic acid keeps without change in close vessels. A mode- 
rately strong solution of tannic acid gives with sulphuric, hydro- 
chloric, phosphoric, arsenic or boracic acid, a thick white pre- 
cipitate, which is a compound of the two acids mixed, and is 
very soluble in pure water and in alcohol. When the solution 
of tannic acid is precipitated hot by sulphuric acid, a resinoua 
mass is formed, which dissolves in dilute sulphuric add at 
the point of ebullition, of a deep tint, and after being boiled for 
some minutes is converted, without any evolution, of gas, into 
gallic add, which crystallizes on the cooling of the solution. 
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Tannic acid boiled in an excess of caustic alkali, undergoes the 
same transformation. 

Tannic acid precipitates animal gelatine entirely from solu- 
tion in thick flocks, which adhere and form a viscid elastic mass 
when the add is in excess ; this precipitate dissolves in the 
supernatant liquid at the boiling point. It is known as iannO' 
gelatin^ and 'contains about half its weight of tannin. Tannin 
is also absorbed from solution by the fresh skin of animalsi 
which is then tanned or converted into leather, and ceases to be 
soluble in water cnr to be putrescible. Tannic add also predpi- 
tates a solution of starch and of albumen, and is capable of 
combining with animal fibrin. 

Tannates.-^The neutral tannate of potash or ammonia ap- 
pears as a thick precipitate, when a moderately dilute solution 
of tannic acid is treated with that alkali or its carbonate ; the 
precipitate is very soluble in an excess of alkali. Tannates 
of barytes, strontian, lime, and magnesia are very sparingly 
soluble. Salts of protoxide of iron undergo no alteration when 
mixed with a solution of tannic acid, but if exposed to air 
become soon of a deep bluish black colour. Tannate of per- 
owide of iron is a black pulverulent precipitate, ^ej^^fiij&fi^ 
+ 9HO (Pelouze), formed on adding persulphate of iron to 
a solution of tannic acid ; it is the basis of writing ink. A good 
black ink is prepared from bruised Aleppo galls 6 ounces, 
copperas (sulphate of iron) 4 oimces, gum arabic 4 ounces, 
water 6 pints. The galls are boiled in the water, the other 
ingredients then added, and the whole kept in a wooden or glass 
vessel and occasionally shaken. In two months strain, and 
pour off the ink into glass bottles to be well corked. To prevent 
mould, add one grain of corrosive sublimate or three drops of 
creosote to each pint of ink. (Brande's Manual, p. 1105). Tartar 
emetic gives a white precipitate with tannic acid, the tannate of 
antimony, HOg + SCigHgOg. Tannic acid forms sparingly 
soluble white precipitates with most of the organic bases. 

GALLIC ACID. 

Formula of the crystallized acid, 2HO,CyH03 + HO ; of the 
add dried at 2W ; 2HO,C7H03, Of one gaUate of lead dried 
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at 2\Tt HO,Pb0.2C;;H03+HO; the last atom of water is 
lost at 320^ Of another gallate of lead : 2PbO,CyH03. Of 
acid gallate of ammonia^ the composition is expressed by 
NH40,C7H03+2HO,CyH03; it loses nothing at 212^ These 
are the only salts of gallic acid of which the composition is 
certainly known^ and they are not sufficient to determine 
whether or not gallic acid is bibasic. 

The metamorphosis of tannic acid into gallic acid^ under the 
influence of boiling dilute sulphuric acid has already been 
adverted to. The same change occurs in an aqueous extract of 
gallnuts exposed to air for several months. By the absorption 
of 8 atoms of oxygen^ 1 atom of hydrated tannic acid might be 
converted into 2 atoms of hydrated gallic acid, 4 atoms of carbonic 
add^ and 2 atoms of water : CigHgOi^ and 03=20^11305 and 
4CO2 and 2 HO. Much ellagic acid is also formed in the trans- 
formation of the tannin of gallnuts, in the air. To prepare 
gallic acid, a strong extract of gallnuts in cold water may be pre- 
cipitated in the cold by sulphuric acid ; the thick mass be mixed 
with dilute sulphuric acid, expressed while still humid, and in- 
troduced in this state into a mixture of sulphuric acid with two 
parts of water at the boiling temperature. The liquid is boiled 
for some minutes and then allowed to cool ; crystals of gallic 
acid are deposited, which may be purified by crystallizing again 
from water, converting the new product, which is still coloured, 
by means of acetate of lead into an insoluble gallate of lead, 
which last is washed, then diffused through water, and decom- 
posed by a stream of sulphuretted hydrogen gas; the sulphuret 
of lead, which is then formed, assists in carrying down the 
colouring matter. 

GaUic acid crystallizes on cooling from a hot solution, in thin, 
silky needles. It requires 100 parts of cold water to dissolve 
it, but is soluble in 3 parts of boiling water. It is also very 
soluble in alcohol, and to a small extent in ether. When pure 
it does not precipitate a solution of gelatine. The aqueous 
solution of this acid may be kept apart from air without change, 
but with access of oxygen it undergoes decomposition, a brown 
matter being deposited, while carbonic acid is evolved and the 
surfece becomes covered with mouldiness. This decomposition 
is greatly promoted by the presence of a mineral acid, or of an 
alkali in tiie solution. With salts of peroxide of iron gallic 
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acid assomes a deep blue tint ; die black precipitate whic^ fall«y 
left in contact widi gallic acid, is gradually reduced to the state 
of protoxide, but not when a salt of the ferrosoferric oxide has 
been employed in its formation. 

When crystallized gallic acid is dissolved in concentrated 
sulphuric add, and the solution heated, it assumes a crimson 
tint at a temperature above 284^ If allowed to cool in this 
state, and oold water afterwards added, an abundant jHPecipitate 
is formed of a reddish brown colour and crystalline aspect, 
wluch appears to be gallic acid that has lost an atom of water, 
its composition after drying being CjHfi^ (Robiquet). It is 
insoluble in water, bnt dissolves easily in alkalies, and has some 
i^^^gy^ according to Robiquet, to the colouring matter of 
madder. It is decomposed by dry distillation, giving small 
cinnabar-red prismatic crystals. 

All the ffoUates are remarkable for the facility with whieh 
they absorb oxygen, when in contact with an excess of alkali ; 
carbonic add is then formed and a brown matter insoluble in 
water. In a mineral water alkaline from the presence of lime 
or magnesia, an addition of gallic add causes tiie liquid gra- 
dually to become turbid from the formation of a black predpi- 
tate, although no iron be present, owing to the decomposition 
of the gallic add itself. 

PyrogalUc add, CgHgOs, or C8H4O4 (the equiyalent being 
doubtful), is prepared by heating briskly either tannic or gallic 
add, previously well dried, in a retort by means of a spirit-lamp 
till coloured empyreumatic products eome over. The pyro- 
gallic add is obtained as a oryataUine sublimate, which may be 
purified by a second sublimation at a gentie heat. It fcNrms 
white plates or needles, fuses at 239^, boils at 410**, and sub- 
limes without alteration. It does not redden litmus ; its taste 
is bitter and slightiy astringent. It dissolves in 2i parts of 
water at 55^.4 (18^ oentig.) ; the solution absorbs oxygen and 
deposits a brown powder. It is equally soluUe in alcohdl and 
ether. When heated briskly above 482® (250® centig.), pyro- 
gaUic acid blaekens, and is converted into water and metagallic 
add. 

PyrogaUtde of lead, a white precipitate formed on adding a 
solution of pyrogallic add to acetate of lead, is PbO.C^HgO,, 
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according to Berzelius, and also Pelouze^ but PbO^CgHg04 ac- 
cording to the later analysis of R. C. Campbell. 

MetagalUc acid, fuelangallic acid (Berzelius). The formula 
of the anhydrous acid is CgH^O^ (Pelouze) ; its probable atomic 
weight: HO,CigH303. This body remains as a fixed residue 
in the retort when gallic acid or tannic acid is heated by an oil 
bath to 482% till all the volatile products escape. It is then 
dissolyed in a solution of alkali and precipitated by an acid to 
obtain it in It state of purity. It is a black powder, insoluble in 
water, which forms soluble compounds with alkalies of a deep 
black colour. • 

Tannic and gallic acids, although diflfering so much in com- 
position^ afford the same products when decomposed by heat* 
This is explained by supposing tannic acid a compound of gallic 
and pyr(^llic acids. In fact 3 atoms of tannic acid contain the 
elements of 6 atoms of gallic acid, and 2 atoms of pyrogallic 
acid. 

3 (Ci8H80ia)=6 {C^T1^0^)+2 (CeHgOa). 

EUaffic aoJ.— The gallic acid which forms in an infusion of 
gallnuts exposed to air, is always accompanied by a grey 
powder, which being insoluble, « may be purified by boiling 
water ; it is the acid in question. EUagic acid dissolves in 
alkalies and is precipitated by acids. According to Pelouze it 
possesses the same composition as dried gallic acid, C7H3O5 ; 
between 212® and 248% it loses an atom of water and becomes 

C^xl204. 

Catechu, the brown dried extract of the Acacia or Mimosa 
catechu contains a large quantity of tannic acid ^differing 
little firom the tannic acid of gallnuts, which may be extracted 
by cold water. The portion insoluble in cold water, contains 
a particular principle catechin^ CigH^Og (Swanberg). Two 
adds are produced when catechin with alkalies or alkaline 
carbonates absorbs oxygen from the air, and forms black solu- 
tions with the former and red with the latter; which have 
been named japonic acid, HO + C^^fi^y and rubinic add, 
HCCigHeOj, (Swanberg.) 
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SECTION IV. 



CITRIC ACID AND THE PRODUCTS OF ITS DECOMPOSITION. 

Formula of citrate of silver, SAgO + CiaHgOu. Of the 

crystals of citric acid formed on the cooling of a solution 
saturated at 212'', SHOjCi^HgOu + HO, which may be named 
hydrate A; this hydrate loses no weight and preserves its 
transparency at 212^. It is the type upon which most of the 
citrates are formed. Of the crystals formed by the spontaneous 
evaporation of a solution saturated in the cold, the formula is 
3HO,Ci2H50ii + 2HO; of which the two atoms of water of 
crystallization are lost at 212®. 

Citric acid was discovered by Scheele ; it exists in a consi- 
derable variety of plants, but is procured only in quantity from 
the orange and lemon and from gooseberries. The acid juice 
of these fruits is neutralised by a known weight of carbonate 
of lime ; the insoluble citrate of lime washed, and then de* 
composed by a quantity of oil of vitriol equal in weight to the 
carbonate of lime used, diluted with 5 parts of water. The 
add liquid is separated by filtration from the insoluble sulphate 
of lime ; and the citric acid crystallized with a slight excess of 
sulphuric acid present, which is observed to favour the crys- 
tallization, while it is impeded by citrate of lime in solution. 

Citric acid crystallizes in regular rhomboidal prisms, ter- 
minated by four faces, has an agreeable acid taste, and is soluble 
in an equal weight of water forming a thick syrup. A dilute 
solution of citric acid in water does not keep, but becomes 
covered with mouldiness. When pure, citric acid dissolves 
completely in alcohol, without residue, and does not give a 
precipitate with lime-water. But when a few drops of the add 
are added to the latter in excess, the clear liquid obtained 

"^ becomes turbid when heated, from the deposition of a white 

basic citrate of lime, 3CaO,Ci2H50ii +CaO,HO, which dissolves 

i in acids without effervescence. Citric acid is commonly dis- 

tinguished by that property. Hydrate A of citric acid, 
which contains 4 atoms of water fuses at 266% and loses 
nothing, although hydrate B, which contains 5HO, loses 2H0 
at 2i2<'. When the temperature of 302^ is exceeded tiie acid 
of both hydrates undergoes decomposition. When 1 part of 
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erystallized citric acid is gently heated with 4 parts of oil of 
vitriol, a considerable quantity of carbonic oxide is evolved, and 
acetic acid is formed. When fused' with an excess t>f hydrate 
of potash, citric acid is decomposed into oxalic and acetic acids ; 
1 atom of citric acid containing the elements of 2 atoms of 
acetic acid, 2 atoms of oxalic a<nd and 2 atoms of water. 

Citrates. — The neutral salts of citric acid, besides 3 atoms 
of fixed base, carry along with them the atom of water of 
acid hydrate A ; which water however they either abandon at the 
ordinary temperature, like the citrate of silver, or at a high 
temperature. In certain subcitrates this atom of water is re- 
placed by an atom of metallic oxide, such as lime or oxide of 
lead. The composition of these salts has received considerable 
attention. The following are. the formulae of the most rcr 
markable dtrates : 

Citrates of potash : three salts exist containing as base res- 
pectively, 3KO; 2KO+HO; and KO -4-2110. Citrates of 
soda : salt -4, SNaO,Ci2H50„ -f I IHO (Berzelius) ; loses 7HO 
at 212^ and the remaining 4 HO between 374*» and 392* (ISO** 
and 200" centig.). Salt B, 2NaO.HO,C,2H50ii. Salt C, 
Na0.2H0,Ci2H50,i. Citrate of barytes, SBaOjCiaHgOn -f 
7HO (Berzelius) ; loses 6HO at 302^ and becomes anhydrous 
at 374**. Another citrate, of barytes appears to be a compound 
of the preceding salt, with 2BaO.HO.Ci2H50ii, its empyrical 
formula being 2Ci2H50ii + 5BaO-f8HO. Citrate of lime, 
3CaO,CiaH50ji4-4HO (Berzelius); it loses 3H0 at 212% and 
the remaining HO at a higher temperature. The subcitrate of 
lime lately mentioned loses HO at 212®. Citrates of lead : 
salt ^, 3PbO,C,2H50„-f HO. Salt S, 2PbO.HO,Ci2H50„ 
+ 2HO. Salt C, 3PbO,Ci2H50ii+3PbO. Salt Z>, 3PbO, 
CiaHgOji-fPbOjHO. Citrate of copper, 3CaO,Ci2H50ii-f 
CaO. Citrate of silver, 3AgO,Ci2H50,i-f HO; loses HO 
between 68® and 77^* Citrate ot antimony and potash, 
Sb03,Ci2H50„+3KO,Ci2H50ii+5HO (Thaulow); it crys- 
tallizes in prisms of a brilliant whiteness which lose their 
whole water of crystallization at 212®. Citrate of ethyl 
3EO,Ci2H60„. (Liekig's Traite, ii, 45.) 

Aconitic acirf, HO-f C4H2O3. — When crystallized citric acid 
is heated, it fuses, gives off water, but undergoes no essential 
change till inflammable gases are disengaged, and afterwards an 

2 Q Q 
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acid li(|uid which condenses in oily stnce, with carbonic acid 
gas. lliese appearances indicate two stages in the distillation, 
and if the process be interrupted when the disengagement of 
water and inflammable vapour ceases, the fixed residue in the 
retort contains no citric acid, but a new acid produced by its 
decomposition, which proves to be the same with the acid from 
the Aconitum napellus and Equisetum fluviatiley and which was 
already known under the names of aconitic and equisetic acid. 
This acid is soluble in ether, which citric acid is not. It is 
also readily converted into aconitic ether, by the action of dry 
hydrochloric acid upon its solution in alcohol, and is preci* 
pitated by water, while citric acid not being etherified by this 
process remains in the liquor. Aconitic ether is easily de- 
composed by caustic potash, and the acid may be derived from 
the potash salt. Aconitic acid forms only small confused 
crystals. When briskly distilled it affords the two following 
isomeric acids, which sublime (see page 712.) 

Itaconic acidy HO + C5H.2O3 ; known also as pyrocitric acid 
and citricic acid. It crystallizes in rhomboidal tables, is soluble 
in 17 parts of water at 50% in 10 at 68® ; soluble also in alcohol 
and ether. 

Ciiraconic acid (hydrated), HO-f CgH^Oj; distinguished also 
as citribic acid by M . Baup. It is obtained anhydrous by dis- 
tillation as an oily limpid liquid, C5H2O3, which distils at 212** 
without decomposition. 

SECTION V. 

TARTARIC AND PARATARTARIC ACIDS AND THE PRODUCTS OF 

THEIR DECOMPOSITION. 

TARTARIC ACID. 

Formula of the crystallized acid, 2HO + C3H4O10; a bibasic 
acid. 

This acid, which in common with so many pthers was first 
prepared by Scheele, exists in many fruits, and also as tartrate 
of lime in several roots, but is prepared pnly from the juice of 
the grape, which contains tartaric acid in the form of tartar or 
bitartrate of potash. The last salt precipitates during the fer- 
mentation of wine, owing to its insolubility in alcohol ; in the 
crude state, it is known as arffoly and is highly coloured, when 
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purified, as cream of tartar. To procure tartaric acid, cream of 
tartar is dissolved in boiling water and neutralised with car- 
bonate of lime, which throws down one half of the tartaric acid 
as an insoluble tartrate of lime ; the other half of the acid 
contained in the neutral tartrate of potash, is precipitated by a 
solution of chloride of calcium. The tartrate of lime is decom* 
posed by an equivalent quantity of sulphuric acid, and the 
tartaric acid separated from the insoluble sulphate of lime by 
filtration ; 3 parts of oil of vitriol are usually taken for 5 parts 
of cream of tartar. The acid solution is evaporated in leaden 
vessels by a gentle heat, during which process some sulphate of 
lime is deposited. A syrupy solution of tartaric acid left in a 
warm place yields crystals which are oblique prisms of a rhombic 
base, terminated by dihedral summits and truncated on the 
longitudinal edges, or hexagonal prisms terminated by three 
faces of truncation ; but the two parallel faces are generally 
more developed than the others, so as to give the crystals the 
appearance of tables. The crystals are persistent in air, of a 
strongly acid and agreeable taste, dissolve in 1 J parts of cold 
water and in less hot water, and are equally soluble in alcohol. 
The aqueous solution of tartaric acid and its salts undergoes 
decomposition, and becomes covered with mouldiness. When 
the crystallized acid is heated, it loses water and produces a series 
of new compounds. Treated at a high temperature with a 
strong solution of hydrate of potash, tartaric acid is entirely 
converted into acetate and oxalate of potash ; one atom of crys- 
tallized tartaric acid actually containing the elements of 1 atom 
of hydrated acetic acid and two atoms of hydrated oxalic acid : 

2HO-i-C8H40io=HO,C4H303 and 2 (H0,Ca03). 

A solution of tartaric acid does not disturb solutions of 
chloride of barium and chloride of calcium, but produces a white 
precipitate in barytes and lime-water, and in acetate of lead. 
A solution of tartaric acid is also used in precipitating potash 
from its salts, when not very dilute, the bitartrate of potash 
falling down, upon agitation, as a granular precipitate, which is 
sparingly soluble in water, but dissolves readily in hydrochloric 
add. The addition of tartaric acid to many metallic solutions, 
prevents their precipitation by alkalies. 

Jiar/ro/e*.— According as one or both atoms of water in tar- 

2 Q Q 2 
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taric acid are replaced by a metallic oxide, an acid or neutral 

tartrate is formed^ and when the 2 atoms of metallic oxide are 

different, a double tartrate. 

Neutral tartrate o{potash, 2 KO,CgH4O|0 is anhydrous, and 

soluble in an equal weight of cold water* Acid tartrate of potash 

(bitartrate), H0.K0,CgH40iQ is also anhydrous, soluble in 18 

parts of boiling water, and in 184 parts of water at 68®; it is 

insoluble in alcohol. Purified tartar, when heated alone, gives 

a carbonaceous mixture {black fltue)^ and when deflagrated with 

2 parts of nitre, it leaves white carbonate of potash {white fluai), 

Tuartrate of potash and Boda^ or rocheUe salt, KO.NaO,CsH4O|0 

-f lOHO (Schulze), is formed by neutralising acid tartrate of 

potash with carbonate of soda, is soluble in half its weight of 

cold water and persistent in air. It crystallizes with two equiva-> 

lents of the tartrate of potash and boracic acid^ and forms a 

double salt, which is anhydrous. Neutral tartrate of ammonia, 
2NH40,C8H40io + 2HO (Dulk). Acid tartrate of ammonia 

resembles acid tartrate of potash. A hot solution of this salt 
dissolves a large quantity of arserdous acidy and yields, by 
evaporation, large and transparent crystals of a salt of two bases, 
NH40.As03,C8H40io, analogous in composition to tartrate of 
^ potash and antimony. Tartrate of potash and boracic add, 
KO.B03,C8H40io (Duflos), is a white uncrystalline mass, very 
soluble in water, obtained by dissolving a mixture of 47 i parts 
of cream of tartar (1 atom), and 15^ parts of crystallized boracic 
acid (1 atom), by means of hot water. Heated in a dry condi- 
tion to 482** (250** centig.), this salt loses 2HO, like tartrate of 
antimony and potash, at the expense of the elements of the 
acid, the empyrical formula of the salt becoming CgH^OgyKOyBOg 
(Soubeiran and Capitaine). Tartrate of potash and peroxide of 
iron is a pharmaceutical preparation; its composition when 
dried at 212'* is KO.Fe203,C8H40,o, (S. and C), Tuartrate of 
antimony is a salt, crystallizing with difficulty^ of which the 
composition is unknown. Three double tartrates of antimony 
and potash are known: (1) Tartar emetic (page 639,) the 
formula of which, dried at 212% is KO.Sb03,C8H40io, and heated 
to 392« (200^ centig.), KO.SbOaCeHaOg. (2.) Tartar emetic 
combines with 3 atoms of the acid tartrate of potash, and forms 
a crystallizable double salt, when the mixture of these two salts 
is kept constantly boiling in the preparation of tartar emetic 
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(Knapp). (3). A salt KO-Sb03,2C8H40io+7HO (Knapp), 
formed by dissolving together 9 parts of tartar emetic, and 4 
parts of crystallized tartaric acid^ which is veiy soluble and crys- 
tallizable. Tartrate of antimony and leadf'PhO.ShO^fiQllfi^Q 
(Dumas), the white precipitate which falls on adding a salt of 
lead to a solution of tartar emetic, dried at 212^ Heated to 
992% it loses 2 HO, like tartar emetic. 

Action of heat upon tartaric acid. — ^Tartaric add fuses between 
266"" and 284% and becomes brown at 320"^. By the action of 
heat it loses first one fourth, then one half, and finally the whole 
of the water of its hydrate (Fremy), forming two new acids, 
the relation of which to tartaric will be best seen by doubling 
the formula of the latter : 

Anhydrous tartaric acid • • (^jgHgOsty 

TartreUeacid CigHgOao-l-aHO 

TartraUc add CigHgOaoSHO 

Crystalli2sed tartaric acid • . C]^5HgO20+4HO 

When the solutions of the modified acids are boiled, they are 
quickly converted into ordinary tartaric acid.* Representing 
anhydrous tartaric acid by C4H2O5, we have then^ for the 
modified acids, the following fbrmulsB (Liebig) : 

2(C4H205)4-2HO . . crystallized tartaric acid. 
3(C4H205) + 2HO . . tartralic acid. 
4(C4H206)+2HO . . tartrelic acid. 

The salts of tartralic and tartrelic acids with alkaline bases 
are not crystallizable. Anhydrous tartaric acid is produced by 
keeping the crystallized tartaric acid for some time in an oil 
bath, at 302* (150* centig.) ; it is insoluble in cold water. 

Tartaric acid yields the two following acids by its destructive 

distillation : 

Liquid pyrotartaric add, HO,CgH30g, which forms a mono- 
basic ether and other salts. 

Solid pyrotartraric addyHOyC^^O^ (Pelouze), is formed only 
in small quantity by the distillation of tartaric acid, but in 

* Fremy ; Ann. de Chim. et de Phys. t. 68, p. 353. 
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larger quantity by the distillation of add tartrate of potash 

(Weniselos). 

PARATARTARIC (RACEMIC) ACID. 

Liebig assigns to this acid, dried at 212% the formula HO 
+ C4H2O5, which contains half the number of atoms in tartaric 
acid^ and considers the former as a monobasic acid, while tar- 
taric acid is bibasic. By this difference, the isomerism of these 
two acids (page 157) is accounted for. Crystallised paratartaric 
acid contains an additional atom of water, and is represented 
byHO,C4H206 + HO. 

Paratartaric acid was discovered by Mr. Kestner, of Thann, 
and particularly studied by John, by Gay-Lussac and Berzelius. 
It forms no double salt of potash and soda, analogous to Ro- 
chelle salt, and is probably on that account monobasic Pftra- 
tataric acid is contained in the cream of tisurtar of the wines of the 
Yosges, and perhaps other localities, and is separated by neu- 
tralising that salt with carbonate of soda, and crystallizing out 
the tartrate of potash and soda. The mother liquor is precipi- 
tated by chloride of calcium, and the mixed tartrate and para- 
tartrate of lime decomposed by sulphuric acid ; on concentrating^ 
the paratartaric acid crystallizes before the tartaric, being con- 
siderably less soluble. 

Paratartaric acid crystallizes in oblique prisms, of a rhombic 
base, which effloresce in dry air. It is a more powerful acid 
than tartaric, decomposing nitrate and sulphate of lime and 
chloride of calcium, with precipitation of paratartrate of lime. 
Hence paratartaric acid was first mistaken for oxalic acid. The 
paratartrate of lime so formed, dissolves in hydrochloric acid, 
and Ls precipitated by ammonia. 

Paraiartrates. — ^These salts are identical in composition with 
the tartrates of the same base, but only a few of them have 
been examined. Paratartrate of lead is an insoluble white 
powder. Paratartrate of antimony and potash is prepared in 
the same way as tartar emetic, and has the same composition, 
but differs in crystalline form, being in four-sided prisms, of a 
rhombic base, or in needles grouped about a centre. Paratar- 
taric acid has little disposition to form double salts. 

According to the observations of Fremy, crystallized para- 
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tartaric acid loses water when heated^ and gives rise to two 
new and peculiar acids, corresponding in composition with 
tartralic and tartrelic acids. At a still higher temperature, 
it gives rise to a body which is identical in properties with 
anhydrous tartaric acid. It gives also by dry distillation the 
same two pyrogen acida as tartaric acid. 

SECTION VI. 

MAUC ACIEK 

Formula of the hydrated acid; 2HO+C9H4Q3. Malic acid 
is bibasic (Hagen)» 

This ia the add of apples, £rom which it derives its name, 
but is of frequent occurrence in other acidulous fruits and vege- 
table juices, where it is accompanied by citric and tartaric acids. 
It is generally prepared from the berries of the mountain ash 
(jSorAiM acwparu^. The fruit is collected in August^ while 
scarcely red and before it is ripe. . It is bruised in an iron 
mortar, the juice expressed, filtered through linen, and treated 
in a bason of copper with a thin milk of Ume till the mixture 
commences to change colour. An excess of lime occasions a 
deep green coloration^ but the liquid ought to have a slight 
acid reaction, and to retain a reddish brown colour. When 
now made to boil, a large quantity of a neutral malate of lime 
precipitates, crystalline and granular, which may be taken out 
as it collects, by means of a colander. After this is deposited, 
a new portion of milk of lime may be added, with the same 
precautions^ and a fresh portion of malate of hme is obtained. 
This salt is washed cold, and introduced while still humid into 
a boiling mixture of 1 part of nitric acid and 10 parts of water, 
so as to dissolve it. A concentrated solution deposits on cool- 
ing a large crop of colourless and regular crystals, of the acid 
malate of lime. The addition of acetate of lead to the purified 
acid malate of lime, throws down a curdy white precipitate, 
which contains lime^ but on allowing it to digest at a moderate 
heat in an excess of acetate of lead, the lime is abandoned, and 
crystals form in four-sided prismatic needles, grouped about r. 
common centre, and possessing a silky lustre, which are neu- 
tral malate of lead, containing 6 atoms of water of crystallization. 
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The add is now obtained by decomposing the malate of lead 
diffused through water, by a stream of sulphuretted hydrogen, 
the sulphuret of lead separated by filtration, and the liquid 
evaporated, first by the naked fire, and afterwards by a water- 
bath, to the consistence of a syrup. (Liebig). 

The hydrated acid forms granular crusts, of which the crys- 
tallization is confused, and which are deliquescent. Its solu- 
tion is very acid ; it reduces the ^alts of gold ; the dry acid 
dissolves entirely in alcohol. The crystallized acid fiises at 
2660 or284o (130® or 140« centig.), but when kept for some 
time at that temperature, crystalline plates form in it, and gra- 
dually increase in quantity ; these are fumaric acidi which is 
sparingly soluble in cold water. By dry distillation, malic acid 
affords water and afterwards a volatile and crystallizable acid, 
named maleic acid by Pelouze. 

Malates. — Malic acid forms both neutral and acid salts with 
the alkaline and magnesian bases, the second atom of water in 
the acid salts being water. The malate of peroxide of iron is 
the only one which dissolves in alcohol.^ 

Maleic acid (hydrated), 2HO+CQH2O3. This acid comes 
over on the brisk distillation of malic acid. It crystallize>i in 
plates or in oblique prisms of a rhombic base, is very soluble in 
water, alcohol and ether, its taste is acid and disagreeable. Dis- 
tilled by a sharp heat it is decomposed, and resolved into water 
and a white volatile matter, anhydrous maleic acid, fusible at 
134^.6, and boiling at 349®. There exist both a neutral and 
acid maleate of silver, the first containing 2 atoms of oxide of 
silver, and the last, 1 atom of oxide of silver with 1 atom of 
water as base, so that maleic acid is certainly bibasic. 

Fumaric acid, HO+C4HO3 ; a monobasic acid, produced by 
'heating malic acid, and also existing in fumitory {Fumaria 
officinalis), and in Iceland moss. The same acid is formed when 
the malates of an alkaline base are exposed to a high tempe- 
rature. Fumaric acid thus appears to be related to malic acid, 
as pyrophosphoric acid is to phosphoric acid ; but Dr. Hagen 
did not succeed in transforming fumaric acid again into malic^ 
by boiling a solution of the former. Fumaric add crystallises 

* Dr. Hagen on Malic Acid : Memoirs of the Chemical Society of Lotidoo» 
Yol. iy p. 28. 
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in fine mioaceons plates^ soluble in 200 parts of cold water ; it 
is more soluble in bot water and also in alcohol. It crystal- 
lizes from boiling nitric acid without change. Fumaric acid 
may be sublimed from a spatula, in the open air, without leaving 
any residue, but is decomposed in a great measure when dis- 
tilled in a retort. A volatile fumaric ether was formed by 
Hagen; and by digesting the latter with aqueous ammonia, 
fumaramide, C^HO^-^-H^^ which is an amorphous powder, of 
brilliant whiteness, almost insoluble in cold water and in 
alcohoL 

SECTION VII. 

KINIC OR QUINIC ACID. 

The formula of neutral kinate of silver is AgO + Ci4HjjOii ; 
of neutral kinate of lime, CaO + Ci4HjiOip from which it is 
inferred that the formula of anhydrous kinic acid is Ci4HjiOij. 
The formula of the crystallized acid is CyHgOg, or C^^'S.^JQ^^ 
=HO + C14H11O11. But the kinates of lead and copper appear 
to belong to another class, of which the acid is bibasic, and its 
hydrate 2HO + C7H4O4; the formula of the kinate of lead 
being 2PbO+C7H404, and the formula of the basic kinate of 
eopper, CuO.HO+ 0^11404 (Woskresensky). 

Kinic acid was discovered, in 1790, by Hoffmann. It exists 
as kinate of lime in the bark of all the quinquinas, and accord- 
ing to Berzelius, accompanies gaUic acid in the laburnum of 
many trees. In preparing quinine and cinchonine, by boiling 
the bark of quinquina with hydrochloric or sulphuric acid, and 
precipitating the alkali from the extract by an excess of lime^ 
the kinate of lime remains dissolved, and is deposited from the 
solution evaporated to a syrupy consistence, in the state of 
crystals. The salt is decomposed by heating gently for several 
hours a mixture of 6^ parts of it, with i part of concentrated 
sulphuric acid diluted with 10 parts of water. The supernatant 
liquid is drawn off from the precipitated sulphate of lime, alcohol 
added to it so as to throw down the sulphate of lime remaining 
in solution ; and finally, the clear solution is evaporated by a 
moderate heat to a syrupy consistence, and left to itself. The 
kinic. acid crystallizes in voluminous crystals derived from a 
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prism of rhombic base, greatly resembling tartaric acid ; they 
are persistent in air. (Liebig's Traits, ii, 122). 

Eanic acid is soluble in 2 parts of boiling water ; it is also 
soluble in alcohol. By dry distillaticMfi it yields a volatile crys* 
talline «u;id, of which little is known. Kinic and gallic acids 
appear to be related ; indeed gallic acid, which is C7H3O5, may 
be considered as a kinic acid C7H4O4, in which 1 equivalent of 
hydrogen is replaced by i equivalent of oxygen (Liebig). 

Kinates. — All the kinates are soluble in water, with the ex- 
ception of the kinate of lead containing 2 atoms of oxide of 
lead ; alcohol precipitates then^rom their aqueous solutions. 

Kindile is a product of die calcination of a kinate by a gentle 
heat, and of the action of peroxide of manganese and sulphuric 
acid upon crystallized kinic acid. It is a remarkable neutral 
substance, of a golden yellow colour and high lustre, heavier 
than water, fusing and volatilising without decomposition at 
212" (Woskresensky). 

SECTION VIII. 

VOLATILE ACIDS OF BUTTEIU 

Butyric acid, HO^CgHg^Os (Chevreul). This is an oily 
limpid Uquid, having the odour of rancid butter and a nauseous 
and ethereal taste. Its density is 0.9765 at 77° ; it evaporates 
easily in the open air, and boils above 212®» By distillation 
butyric acid gives butyrone, CgH^O (Kraues), the formula of 
butyric acid being supposed CyHgOa (Loewig). 

Caproic acidy HO + CisHgOg (Chevreul), is an oily limpid 
liquid, having the odour of sweat and a nauseous taste, with a 
sweetish after-taste of apples. Its density is 0.922 at 71«°B, it 
evaporates in open air, boils above 212% is soluble in 96 parts of 
water at 44^.6. It is miscible with alcohol, ether and oils. 

Capric acid, HO + CigHi403 (Chevreul), when liquid, greatly 
resembles caproic acid in physical properties. When agitated 
at 52^.7 it forms a mass of fine needles, which become entirely 
hquid at 64^.4. It has the same odour as caproic acid, with 
that also of the goat. It is dissolved by alcohol in all propor- 
tions, and is soluble in 6 parts of water at 68®. 

When butter is melted with water, buttermilk, cheese and 
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Other impurities are separated from it, and the pure oil rises to 
the surface. It consists of mai^rine^ oleine, butyrine, caprone^ 
and caprine. The three latter are in small quantity, but it is to 
them, that the peculiar pleasant smell and taste of fresh butter 
are owing. They are compounds of oxide of glyceryl (page 877) 
with butyric, caproic and capric acids. 

Hircicacidf was discovered by Chevreul in the fat of the goat ; 
its composition is unknown. 

Phocemc or delphinic acid, HO + CioH^Og (Chevreul) ; another 
volatile acid contained in train oil or seal oil, and in the berries 
of Vibtimum opulus, Phocenic acid is a colourless liquid which 
bums like a volatile oil; its taste is nauseous and ethereal, 
its density 0.932 at 82^.4^ its boiling point above 212''; it dis- 
solves in 18 parts of water at 86®. 

All these volatile acids are obtained in the same way. The &t 
oil which they accompany is saponified by an alkali, and the soap 
decomposed by an excess of tartaric acid^ in which the volatile 
acids are soluble, and may thus be separated from the fat insolu- 
ble acids. The volatile acid is then converted into a salt of barytes 
by adding barytes-water to it, and thus precipitated. The 
barytic acid is again decomposed by phosphoric or sulphuric acid, 
and the volatile acid thus set at liberty is rectified by the heat 
of a water-bath ; it is then purified completely from water by 
means of fused chloride of calcium. These volatile acids form 
but a small proportion of the butter and oil in which they are 
found. 

Cevadic acid exists in the fat extracted by ether from the 
seeds of Veratrum sabadilla. It forms by distillation a sublimate 
of white needles of a silky lustre, fusible at 68® (Pelletier and 
Caventou.) It is named also sabadiUic add, 

Veratric acid (dried at 212®) HO + CigHgO^, is obtained by 
exhausting the seeds of cevadilla by alcohol and sulphuric acid, 
and neutralising the alcoholic extract by hydrate of lime ; ver&- 
trine and other products precipitate, but veratric acid remains 
in solution combined with lime, and is obtained by decomposing 
its salt of lime with hydrochloric acid. Veratric acid forms 
short thin quadrangular prisms, colourless and having a slightly 
acid taste. Its solubility in cold water is small, but it is more 
soluble in hot water, dissolves easily in hot alcohol and crystal- 
lizes on cooling; it is insoluble in ether. The crystals lose 
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water at 212% and become then of a dull white. They fbse at 
a high temperature into a colourless liquid, and sublime without 
residue. Fuming nitric acid and concentrated sulphuric acid 
have no destructive action on veratric acid (Merck). The 
alkaline veratrates are crystallizable, and very soluble in water 
and alcohol ; the salts of lead and silver are insoluble in water, 
but soluble in alcohol. Veratric ether y EO+CjgHgOy (Dn 
Will), is a crystalline radiated, very friable tnass, of density 
1 14.1, fusing at 107^6 (42* centig.), and imperfectly volatile. 

Crotofdc acidi termed also latrophic acid, is derived from cro- 
ton oil, the fat oil of the seeds of Crotan ttglium^ in the same way 
as the preceding acid. It is solid, very volatile and highly 
poisonous (Pelletier and Caventou). 

SECTION V, 

OILY ACIDS OF BUTTER OF COCOA, BUTTER OF NUTMEGS, AND 

PALM OIL. 

Cocinic acid^ termed also Cocostearic acid, HO+C27H2g03 
(Bromeis) is the crystallizable acid of the butter of the cocoa- 
nut. This butter is obtained by expressing the dry fruit 
between hot plates ; it is white and possesses the consistence 
of fat, and is distinguished from other &tty bodies hj its great 
solubility in alcohol. * 

The mode of preparing cocinic and all the other oily acids is 
similar. The butter of cocoa is boiled with a solution of an 
alkali, and thus saponified ; the soap is then decomposed by a 
mineral acid, and the concrete fat acids which appear are ex- 
pressed repeatedly between folds of blotting paper, till the 
latter no longer absorbs liquid matter. The expressed solid 
matter is saponified anew with soda, the soap dissolved in water, 
and separated by dissolving common salt in the water ; the soap 
thus prepared is again decomposed by tartaric acid. Finally 
the fat acid thus obtained is purified by crystallizing it re- 
peatedly from alcohol till its point of fusion becomes fixed 
(Ldebig). Cocinic acid is inodorous, of a brilliant white, fuses 
at 95% and forms on cooling an amorphous diaphanous mass, 
like porcelain, is insoluble in water. It may be distilled with- 
out change. The cocinates of alkaline bases considerably re- 
semble the soaps of the other oily acids. 
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Sericic or MyrisHc acid^ HO + CjgHagOg (Play fair). This 
acid is obtained from the solid portion of the butter of nutmegs^ 
the fruit of Myristica moschata^ in which it is combined with 
glycerine. This solid portion dissolves completely in 4 parts of 
boiling alcohol, by which it may be easily distinguished from 
other soluble fat bodies, and gives, on the cooling of the liquid, 
the sericate of glyceryl in thin silky needles. 

Sericic acid, which was discovered by Dr. Playfair, crystallizes 
in white brilliant plates, of a silky lustre, (hence the name, 
sericic acid) ; it fuses between 11 8M, and 120.^2 (48*» and 49'* 
centig.), and on cooling becomes a mass, having a very distinct 
crystalline structure. It is very soluble in alcohol and ether, 
insoluble in water. It is decomposed by dry distiUation, and 
violently attacked by nitric acid. Sertcates of alkaline bases 
are distinguished from other soaps by crystallizing from alcohol ; 
thdr solutions do not become viscid and thready by concentra- 
tion, nor are they disturbed by the addition of much water 
(Playfair). Sericic ether is an oily, colourless liquid, of density 
0.864. Sericiney or sericate of glyceryl, contains as base oxide of 
glyceryl minus 2HO, or C^HgOg; its formula being CjigHijjOjs 

=4 {C^K^O^). 

Palmitic acidy HO + C22H31O3 (Fremy, Stenhouse). A soap 
of the palm oil of commerce yields when decomposed by an 
add, a mixture of palmitic and oleic acids ; which mixture, dis- 
solved in boiling alcohol, gives crystals of palmitic acid on 
cooling. Purified by repeated crystallization from alcohol, pal- 
mitic acid forms brilliant plates, which completely resemble 
those of margaric acid, and have the same point effusion, 140**; 
it is insoluble in water. It dissolves in alkaline carbonates, and 
forms a transparent emulsion. After being heated to 5 J 2^ 
(300^ centig.), palmitic acid does not crystallize from alcohol in 
leaflets, but in mammillated masses, which, however, have pre- 
cisely the same composition (Fremy). Palmitic acid distils with 
very little alteration. Chlorine decomposes the acid when 
heated, and yields several chlorinated products, which are less 
fluid, and acid, but do not combine with bases without losing 
their chlorine. Palmitate of glyceryl or piUmiiine, when pure is 
crystalline, and of brilliant whiteness, is very slightly soluble in 
boiling alcohol^ but dissolves in boiling ether in all proportions, 
and is deposited, on cooling, in extremely small crystals. From 
the analysis of Dr. S^tenhouse, palmitine is represented by 
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C35H33O4, which is anhydrous palmitic acid C32H31O3 plus CgH^O; 
the last formula expressing half an equivalent of anhydrous 
oxide of glyceryl; €511^05, from which 3HO have been sub- 
tracted.* 

Ethalic acid (page 880), termed also cetylic acid, has abso- 
lutely the same composition as palmitic acid. 

MARGARIC AND STEARIC ACIDS. 

Marffaric acid^ or MargaryHc acid^ 2H04-C68H6606=2HO 
+ 2(C34H33 4-03) ; in the last formula C34H33 represents a 
radical margaryl (Liebig). This acid forms the principal part of 
thestearopten,orsolid portion of human fat and vegetable fixed oils ; 
it is also produced by the dry distillation of oxand mutton suet, and 
of stearic acid. It is mosteasily obtained in a state of purity, byboU- 
ing for some minutes stearic acid (the matter composing stearine 
candles), with an equal weight of nitric acid, of density 1 .273 (32^ 
Baum^). The mixture is -then left to itself, and after expressing 
the product, which has become concrete on cooUng, between 
folds of blotting paper, it is crystallized several times suc- 
cessively from alcohol, till its point of fusion remains constant 
at 140^ (60® centig.). It may also be obtained by adding 
acetate of lead to the solution of a soap of olive oil, or of human 
fat; on treating the precipitate which falls, by cold or hot ether, 
margarate of lead remains in a state of purity, being insoluble 
in that menstruum. This salt gives margaric acid, when heated 
with a dilute mineral acid. (Liebig's Traite). Margaric acid was 
so n^med by Cbevreul from its pearly lustre ; in external as- 
pect it greatly resembles stearic acid, but is more fusible, the 
last acid fusing between 158** and 167*» (70° and 75® centig). 

Margaratea. — In the formation of salts of margaric acid, 
sometimes both its atoms of water, and sometimes only 
one is replaced by another base. The elher of margaric acid, 
which contains 2 atoms of oxide of ethyl (Varrentrapp), is ob- 
tained by saturating with hydrochloric acid gas an alcoholic 
solution of margaric acid, and withdrawing the excess of hydro- 
chloric acid by washing the product with water. It fuses at 
7l®.6, is decomposed by alkalies and their carbonates, and also 
by dry distillation. A mixed soap of oleate and margarate of 

• Phil. M«g. 3rd series, xviii. 186. 
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potash or soda, such as that of olive oil, when dissolved in about 
eight times its weight of hot water, and the solution afterwards 
diluted by fifty times its bulk of water, allows an acid margarate 
of potash or soda to precipitate, which may be purified from a 
little oleate with which it is contaminated by repeated crystalli- 
zation from alcohol. This salt contains 1 atom of water, and 1 
atom of potash as base. Both the acid and neutral margarates 
of potash crystallize from an alcoholic solution in plates, which 
have less lustre than the corresponding stearates. Margarine^ 
or the mai^rate of glyceryl, has not been analysed in a state of 
purity. The solid matter which is formed in olive oil when 
cold, ^s a combination of margarate and oleate of glyceryl^ ac- 
cording to Pelouze and Boudet. 

Stearic add, hypomargarylic add, 2HO + C88H6g05=2HO 
+2(0341133) + 05. — ^This acid was discovered by Chevreul, com- 
bined with oxide of glyceryl in animal and vegetable fats and 
in the bile of many animals. It may be obtained pure by 
crystallizing the stearic acid of commerce from alcohol, till its 
point of fusion is between 158° and 167^ The latter substance, 
which forms the stearine candles of commerce, is obtained by 
saponifjdng tallow with hydrate of lime^ to get rid of its oxide 
of glyceryl which being set free dissolves in water, and de- 
composing the insoluble soap of lime with dilute and boiling 
sulphuric acid. The oleic acid is separated from the stearic 
acid by submitting the latter to pressure between hot metallic 
plates. The cake thus obtained is said to contain not more 
than traces of margaric and oleic acids. Mixed stearic and 
oleic acids may also be separated by solution in boiling alcohol, 
from which the stearic acid crystallizes out^ and may be 
purified by successive crystallizations from alcohol. 

Stearic acid crystallizes by cooling in white brilliant needles, 
soft to the touch, pulverisable and insoluble in water. When 
fused and cast in a mould its surface is rough from crystalline 
granulation, but if a minute quantity of finely pidverised talc 
(French white) be mixed with the melted acid, it then soli- 
difies with a perfectly smooth and glossy surface like that of 
wax. Arsenious acid was improperly used at one time to 
produce the effect described in stearine candles. Stearic acid 
fuses at I670, and solidifies at 158<^ (Chevreul); its density 
when solid is 1.01^ in the liquid condition 0.854. It is tasteless 
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and inodorous, fused by heat or dissolved in alcohol it reddens 
litmus ; it dissolves in its own weight of ether of density 0.72/, 
when heated in air it burns like wax. Stearic acid is decora- 
posed by dry distillation, and resolved into margaric acid and 
oxide of margaryl. Nitric acid with heat decomposes it pro- 
ducing first margaric acid, and afterwards suberic and succinic 
acids. Stearic acid is dissolved entirely by sulphuric acid with 
a gentle heat, without coloration, and is precipitated on the 
addition of water' in the form of white flocks. It may thus be 
separated from sulphate of glyceryl, and in a great measure 
from oleic add. 

Stearatei. — Stearic acid is bibasic and forms two classes of 
salts in which one or both of its basic atoms of water are re- 
placed by a metallic oxide. In the cold, stearic add only 
decomposes the alkaline carbonates partially, so as to produce 
a bistearate and bicarbonate, but with heat it decomposes the 
same carbonates completely. The neutral stearates of alkaline 
bases dissolve without alteration in 10 or 20 parts of hot water, 
but the addition of a large quantity of water causes decompo- 
sition, and an acid stearate precipitates while the liquid becomes 
strongly alkaline ; the cooling of a hot solution of a stearate in 
a small quantity of water is attended with the same decomposi- 
tion, and causes the whole mass to assume a gelatinous con- 
sistence. The add stearate of potash contains HO + KO as 
base; obtained by precipitation of the neutral stearate in 
solution by 1000 parts of cold water, and crystallized from 
alcohol it forms white pearly plates. Boiling water still farther 
decomposes this stearate, 1000 parts of the former producing 
with the latter a turbid and viscid liquid, which becomes liquid 
and transparent at l67% and deposits pearly plates between 
138^2 and yS'^.S (59'' to 26'' centig.) ; 3 atoms of the acid salt 
are then resolved into 1 atom of the neutral stearate of potash 
(containing 2KO as base) which remains in solution, and into 
a dw/eara/6 of potash (containing KO+3HO as base to 2 atoms 
of acid), which remains in suspension in the liquid. Again, by 
the cooling of the solution of the neutral stearate of potash, a 
portion of the former acid stearate of potash is deposited, and 
half of the alkaline base remains in solution. The precipitate 
is therefore a mixture of bistearate and acid stearate of potash. 
If exposed again to boiling water it ends by being converted 
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entirely into bistearate. The solutions of the stearates of alka- 
line bases are precipitated by salts of all the other metallic 
oxides, insoluble stearates being formed. 

Stearine, or the acid stearate of oxide of glyceryl is the 
essential part of all kinds of saet ; it may be obtained by fusing 
purified mutton suet by a water bath, dissolving it in 8 or 10 
times its Tolame of ether, allowing the solution to cool, which 
becomes a thick mass, and wi^shing the expressed solid matter 
with ether. Jt forms white pearly plates, fuses at 140*^ or 143^.6 
(60° or 62° centig.), and on cooling again forms a solid pulye-» 
iiaable mass wbich is not crystalline. It dissolves in 6 or 7 
parts of boiling alcohoL This stearate in combination with the 
oleftte of glyceryl forms the solid portion of tiie butter of cacao. 
According to the analysis of liebig and Pelouze, stearine may 
be represented by C0H7O5.HO,C^U^O5f HO, orby 1 atom 
of hypomaigarylic acid combined with 1 atom of oxide of 
glyceryl and 1 atom oi water -as bases^ with an additional atom- 
of water of crystallization. 

PRODUCTS OF THK DRY DISTILLATION OF MARGARIC AND 

STEARIC ACIDS. 

Stearic acid distilled in a vessel about two thirds filled with 
the acid, yields first a white solid product, which fixes at 156^2 
(69^ centig.)) and is a mixture of margaric acid fusible at 140% 
of a crystalline neutral body margarone fusible at 170^6, and 
of a liquid hydrocarbon in small quantity. The last half of the 
distilled product is generally softer and accompanied with in- 
flammable gases; and towards the end the residue blackens 
and assumes the consistence of tar. When stearic acid is 
di3tilled with one fourth of its weight of quicklime, a soft buttery 
mass is obtained, consisting in a great measure of the liquid 
hydrocarbon and margarone. The products of the distillation 
of margaric acid are similar. (Redtenbacher and Varrentrapp.) 

Margaronef C33H33O, was discovered by Bussy. It is formed 
by the dry distillation of margaric and stearic acids alone or 
mixed with quicklime ; it may be freed from adhering margaric 
add by caustic ley in which margarone is insoluble, and purified 
by crystallization from alcohoL It is a white very friable 
pearly mass, and becomes electrical by friction. It is volatilised 

2 K R 
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completely from a slip of platinum, but when distilled in a 
retort it leaves a residue of charcoal. It is soluble in 50 parts 
of alcohol of 0.837, and in 6i parts of absolute alcohol, and 
crystallizes upon the cooling of these solutions. Margarone 
is also soluble in ether, concentrated acetic acid, oil of tur- 
pentine and the liquid fats. Obtained from the distillation of 
stearic acid and lime, the point of fusion of margarone may 
rise so high as 186*.8 (86** centig.) after repeated crystallization, 
it must be then a different substance. From the analyses of 
margarone fusing at 170**.6 by Bussy, Redtenbacher and Var- 
rentrapp, which agree, it follows that margarone is produced 
when margaric acid loses the elements of 1 atom of carbonic 
acid. Margarone is also produced in the distillation of stearic 
add, and it is supposed possible by M. Liebig that the carbonic 
acid may come from the decomposition of the margarone. 
2 atoms of hydrated stearic add, which, indicating C34H33 by R, 
would be R4O10+4HO, are resolved into — 

3R +90 +3HO= Margaric add, 
R+ 0+ HO=Oxide of margaryL 

Two atoms of oxide of margaryl (a hypothetical compound) 
would contain the elements of a hydrocarbon CggHg^, of I atom 
carbonic acid CO^ and 1 atom of carbon C. 

The matter fusible at 186.^8, which Bussy named stearone 
may from his analysis be represented by 2R + 0. 

ACID PRODUCTS OF THE ACTION OF NITRIC ACID ON MARGARIC 

AND STFJVRIC ACIDS. 

When stearic add is heated with an equal volume of nitric 
add of 1.284, an abundant disengagement of deutoxide and 
peroxide of nitrogen takes place as soon as the mixture boils. 
If the mixture is then sdlowed to cool the stearic acid separates 
apparently unaltered, but really converted entirely into mai^garic 
add, while the nitric acid contains no foreign substance in 
determinable quantity. By the prolonged action of the boiling 
acid on margaric acid, the latter is gradually but completdy 
dissolved, and the more readily if the nitric acid be renewed 
from time to time; the solution then contains suberic add, 



SUBERIC ACID^ SUCCINIC ACID. 963 

succinic acid and an oily substance soluble in nitric add. 
(Bromeis.) 

Suberic add^ HO + CgHgOj. — Brugnatelli first obtained this 
acid by the action of nitric acid upon cork (page 759). It is 
prepared by evaporating the solution of stearic or margaric acid 
in nitric acid to one half and allowing it to rest ; the solution 
m 24 hours becomes a semi-soUd mass^ which is thrown into a 
fimnel to dndn^ and washed with cold water. When expressed 
and crystallized several times it forms pure suberic acid. 
Suberic acid when humid fuses between 122® and 1 29*^.2 (50 to 
54® centig.), but when dried in air or in vacuo, between 244®.4 
and 248^ (1 18 to 120® centig.) ; it is distilled without alteration. 
Suberic acid is sparingly soluble in cold water, but dissolves 
in 1.67 parts of boiling water, in 0.87 of boiling alcohol, also in 
10 parts of cold and 6 parts of boiling ether. Suberate of lime 
distilled with an excess of quick-lime gives among other pro- 
ducts a colourless liquid, which boils at 374®, and remains 
liquid at 10.4® ( — 12® centig.), of which the composition is 
expressed by CgH^O. 

Succinic acidy HO + C4H2O5; and when sublimed HO 
+ 2C4H2O3. This acid has long been derived from the distil- 
lation of amber (page 904) and exists according to several 
observers in the resin of some C(m\fera. The mother liquor 
which remains after the separation of suberic acid in the process 
described above, contains succinic acid soiled with suberic acid. 
The solution with the washings of tiie suberic acid is evaporated 
to crystallization, the product dried and treated with ether in 
the cold, which easily dissolves suberic acid while it leaves the 
succinic acid behind in a great measure. The latter may be 
purified completely by sublimation. 

The crystals of succinic acid are colourless and inodorous, 
of density 1.50, have a somewhat acrid taste, and subhme with- 
out decomposition. This acid may be obtained quite anhydrous 
by several distillations, and then condenses as drops in the 
receiver. The hydrated acid dissolves in 2 parts of boiling and 
5 parts of cold water ; it is equally soluble in alcohol and ether. 
Hydrated succinic acid sublimes at 284® ; fuses at 356® losing 
one half of its water^ and boils at 455®. This acid is not sen* 
sibly afiected by chlorine or nitric acid ; added to potash in 
fusion it gives oxalic acid. Hydrated "succinic acid absorbs the 
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completely from a slip of platinum, but wlr / "°f!"8 

retort it leaves a residue of charcoal. It is^;' j^' - which 

of alcohol of 0.837, and in 6i parts of '/ "' 
crystaUizes upon the cooUng of these / . ' ^^ " ^^J^ 

is also soluble in ether, concentratr. / "^1 tnbasic, 

pentine and the Uquid fats. Obta/ / ;* 428» being 

stearic acid and Ume, the poin* , / *«J. succinates 

rise so high as 186».8 {86» cen*' . • .' '« '^^d atom of 

it must be then a different ' / / "*<»»»« " °*««^ "^^ 

margarone fusing at 170« - / ^^ manganese and other 

rentrapp, which agree, • ' ;-'cl metaUic solution must be 

when margaric acid ' "^""8^ the succmate of iron will 

acid. Marearone i ^'^^ ioxvox^ of gmcmamid4t is NH, 

add, and it is SB' '*«'»^ NHj+CeHaO^. The last corn- 
add may coir jji^^ *" "^^'^ assumes 2 HO, and forms fine 
2 atoms of h .'>»'''» ^^ solution of these crystals has no 
would be "* V* eS^'^ salts, and therefore does not contain sue- 

'^ SECTION II. 



OLEIC ACID AND ACIDS RELATED TO IT. 

^/5 acid has been less successfully investigated than stearic 

y/ and is probably a mixture of two different principles as it 

. generally obtained. It forms the essential part of the fat oils 

^/lich are not drying, such as oil of olives and oil of almonds, 

/roni the last of which it is most advantageously prepared, and 

j,9 found in less considerable quantity in tallow, solid fats, human 

bile and old cheese. The acid derived from a soap of the fat 

oil of sweet almonds is mixed with its weight of pulverised 

oxide of lead, and after the mixture is digested on a water-bath 

for several hours, twice its bulk of ether is added to it, and the 

whole left to itself for 24 hours. There is thus formed mar- 

garate of lead which is insoluble, with an acid oleate of the 

same base, which is soluble in ether. The ethereal solution is 

then decomposed by dilute hydrochloric acid, which sets at 

liberty the oleic acid ; the last coming to the surface of the 

mixture with the ether, and forming an oily limpid stratum. 

The ether is expelled by evaporation, and the oleic acid s^poni- 
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^"alL The soap is purified by dissolving it in water 

<^ " it by means of common salt ; these operations 

%, ^s repeated. At last, when the soap is colour- 

"% in water and decomposed by tartaric acid ; 

^ ' erated is washed with boiling water, and 

^ ^Liebig's Traits, ii.). It may be prepared 

^- ^ n the liquid product obtained in the 

^ indies. The formula for oleic acid 

^. .lentrapp is 044113504, 

^s an oil which is colourless or of a yellowish 
^ very weak odour, an acrid taste, reddens litmus 
^iy, is lighter than water, and becomes a mass composed 
of crystalline needles a few degrees above the freezing point of 
water. It is insoluble in water, but mixes with alcohol of 
0.822 in all proportions. Sulphuric acid colours oleic acid. 
Nitric acid with oleic gives suberic acid, among other products, 
but no oxalic acid. Peroxide of nitrogen or nitrate of suboxide 
of mercury transforms oleic acid into eiaidic acid. 

Oleates, — Oleic acid decomposes the alkaline carbonates ; its 
compounds are soft, have the appearance of soap and dissolve 
better in alcohol than in water. Oleine, the oleate of oxide of 
glyceryl, forms the greater portion of the fat oils and of most 
of the solid fats ^ found in nature. It is mixed in these with 
maigarine or stearine, either of which is deposited in the solid 
state, when the oil is exposed to great cold, the oleine may then 
be separated by expression of the solid matter, although never 
in a state of purity. According to Pelouze and Boudet there 
are two species of oleine, the liquid portion of such fats as are 
not drying but disposed to become rancid, differing from the 
liquid portion of the drying oib, in solubility, and particularly 
in the transformation which it undergoes under the influence 
of hyponitric acid into elaidine and eiaidic acid, while the 
oleine of drying oils undergoes no sensible alteration in the 
same circumstances. The neutral oleate of potash is deli- 
quescent in a damp atmosphere, dissolves completely in 4 parts 
of water, forming a viscid syrup, and is decomposed by a 
greater excess of water and resolved into potash and an 
add oleate of potash. The latter salt is insoluble in water, 
but dissolves easily in hot or cold alcohol. Oleate of soda dis- 
solves in 10 parts of water at 89^.6. Oleate of lead is soluble in 
edier. 
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Sebacic acid^ HO + CioHgOj, Okie acid from both flie dry- 
ing and non -drying oils^ from tallow and every other source, 
affords among the products of its dry distillation a matter whidi 
becomes concrete on cooling and is sebacic acid^ easily recog- 
nised by its solubility in water and its property of giving a 
white precipitate with a salt of lead. This acid is prepared by 
washing with boiling water the solid and liquid products of the 
distillation of oleic acid or any of the fats which contain oleic 
acid^ so long as the solution gives crystals on cooling. These 
crystals are washed with cold water, and crystallized repeatedly 
from boiUng water till they are colourless and free from empyreu- 
matic odour. 

Sebacic acid greatly resembles benzoic acid in appearance, and 
crystallizes in white ^ery light plates or needles of a pearly 
lustre ; it reddens litmus and has an acid taste, loses nothing 
at 212% fuses at 260.% and sublimes at a higher temperature 
without alteration. It is but sparingly soluble in cold water, 
but dissolves easily in boiling water and also in alcohol and 
ether. 

Sebaies. — ^The solution of sebacic acid throws down white 
precipitates from salts of silver and lead. The sebates of the 
alkaline bases are very soluble. Sebacic ether has been formed 
in the usual way, by transmitting a stream of hydrochloric acid 
gas through an alcoholic solution of sebacic acid* 

Elaidic acidy Cy^H^gO^. When a non-drying oil is mixed 
with nitrate of suboxide of mercury or with peroxide of nitro- 
gen, it gradually becomes solid. This change is due to the 
transformation of the oleic acid of the oil into elaidic acid^ 
which remains in combination with oxide of glyceryl, forming 
elatdine or the elaidate of glyceryl, which is soUd and crystalline 
at the usual temperature. When nitrate of mercury is used in 
this experiment a portion of the mercury is reduced. To pre- 
pare elaidic acid, peroxide of nitrogen produced by the action 
of nitric acid on starch is carried through oleic acid free from 
margaric acid, in a vessel surrounded by cold water. The oleic 
acid afler a time concretes into a mass composed of considerable 
leaflets, which is washed with boiling water, then dissolved in 
an equal bulk of alcohol and left to crystallize. Pearly crystals 
in tables are obtained, which are expressed between folds of 
blotting paper and crystallized several times from alcohol 
(Meyer). Ela'idic acid forms thin leaflets of a silvery lustre. 
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eonsiderably resembling benzoic acid. This acid is insoluble in 
water, sparingly soluble in ether, but highly soluble in alcohol, 
particularly when hot ; the alcoholic solution reddens litmus 
strongly. Elaidic acid appears to distil without change. It 
decomposes alkaline carbonates and forms salts which dissolve 
in 6 or 8 parts of water, producing a transparent very thick 
emulsion. These salts may be crystallized from alcohol. 

Oleic acid, when treated with nitric acid, gives rise to a series 
of acid products, discovered by Laurent, many of whose results 
have since been confirmed by JBromeis. These are, in addition 
to suberic acid, azeUnc acidj HO + CioHs04, an acid isomeric 
with suberic acid, and closely resembling it ; pimelic acid, HO 
+ CyH503, which crystallizes in white hard grains; adipic acid, 
HO+C5H4O3 (Laurent), or 2HO + C14H9O7 (Bromeis); Hpic 
acidj when crystallized^ HO + C5H,04, when sublimed C5H3O4 ; 
azoleic add, C13HJ3O4. 

When oleic or elaidic acid is heated to dryness in a silver 
capsule with three times its bulk of strong potash ley, the mass 
being continually stirred till it becomes dry, and heated till the 
potash begins to fuse, the materials swell considerably, and 
much hydrogen gas is evolved. The yellowish-brown saline 
mass contains a new fat acid, besides much acetic acid. This 
acid, which is the same from both oleic and elaidic acid^ crys- 
tallizes when separated in thin needles of brilliant whiteness, 
fusible at 14^.6 (62^ centig.). It has been studied by M. Var- 
rentrapp, who represents it by H04-C32H3o03; which differs 
only from palmitic and ethalic acids by containing an atom less 
of hydrogen. 

ACIDS OF CASTOR OIL.r 

Castor oil differs considerably from the other fixed oils, par- 
ticularly by its solubility in alcohol. A soap of this oil, when 
decomposed by a mineral acid gives a solid and a liquid oily 
acid. The first is termed margaritic cicid by Bussy and Lecanu ; 
it fuses at 266° ; the second is named ricinic acid. 

Nitric acid gives with castor oil an acid, named cenanthylic 
acid by Mr. Tilley, firom its relation in oenanthic acid. The 
formula of cenanthylic acid is H04-C]^4H|303 (Tilley). Ac- 
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cording to BromeU, cenanthylic add is identical with the azoleic 
acid of Laurent. 

Castor oil solidifies with nitrate of suboxide of mercury^ or 
with peroxide of nitrogen, and forms a yellow transparent mass 
like wax. The mass washed with water and dissolved in boil- 
ing alcohol furnishes pabnine in confused crystalline grains. 
Alkalies saponify palmine like elai'dine, disengaging glycerin, 
and combining with palmic acid. This add, when pure, crys- 
tallizes in white silky needles, grouped about a common centre, 
is fusible at 122% and dissolves with facility in alcohol and ether. 
Palmine and palmic acid are also formed by the action of 
sulphurous acid gas on castor oil. 

ACIDS FORMED BY THE ACTION OF SULPHURIC ACID ON THE 

FAT OILS. 

When sulphuric acid is added in small proportion to fat pils, 
its action is limited to the abstraction of their glycerin, with 
which it combines and forms sulphoglyceric acid (page 878)) 
while the oily acids are set at Uberty. Such is the reaction that 
occurs when tallow or hog*s lard is mixed with half its weight 
of sulphuric acid. But when the proportion of sulphuric acid 
is increased, particular compounds of that acid with the oily 
acids are produced, which dissolve in water. The compounds 
thus formed by acting upon olive oil with concentrated sulj^uric 
add have been carefully studied by M. Fremy.* 

Oleic acid and concentrated sulphuric acid combine directly, 
and form sulpholeic acid^ a double acid. Pure margaric add 
dissolves in sulphuric acid, but does not form a stable com- 
pound, for it is separated by water without having undergone 
any alteration ; but when mixed with a certain quantity of oleic 
add, both oily acids combine with sulphuric add, and sulpho* 
margaric acid is formed with sulpholeic add. These two com- 
pounds are equally formed, together with sulphate of glycerin, 
when half a volume of concentrated sulphuric acid is cautiously 
added by small quantities, to olive oil, any elevation of tempe- 
rature bdng guarded against. If then mixed with twice its 

* Aon. de Chim. et de Phys, t. Ixr, p. 1 13. 
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^ume of cold water, and left at rest for twenty-»four hoani, the 
sulphdieic and sulphomargaric acids being insolable in dilute 
sulphuric come in the ferm of a syrup to the surface of the 
liqucH*, while the sulphate of glycerin remains in the strongly 
acid liquid below. After the mixture of sulpholeic and sulpho* 
margurio adds is washed with a little water, it is dissolved 
entirely in a large quantity of water, ^e solution has an acid 
and fatty taste, with a bitter after-taste, may be neutralised by 
an alkali without decomposition, and the salt thus formed occa- 
sions in metallic solutions precipitates insoluble in water, and 
slightly soluble in alcohol. 

Left to itselfi the mixture of sulpholeic and sulphomaigaric 
acid undergoes decomposition ; when the solution is made to 
boil, the decomposition is instantaneous. The sulphuric acid then 
separates from the elements of the oleic andmargaric acids, and 
these last are themselves transformed into new acids; the marga- 
ric acid yielding metamarfforic acid s,nd hydromargaritic acidy the 
oleic acid, meioleic acid and hydroleic add. A compound of 
hydromargaritic and metamargaric acid, which has the properties 
of a single acid, has been named hydromargaric acid, by Fremy. 
These compounds are oily bodies insoluble in water, of which 
those related to margaric acid are solid, and those related to 
oleic add liquid at. ordinary temperatures. These acids have 
been also examined by Varrentrapp and by Mr. Miller, but 
thdr composition is still involved in considerable uncer- 
tainty. 

When metoleic and hydroleic adds are distilled, they are 
decomposed and resolved into two hydrocarbons of the defiant 
gas type ; elaSne, CigH^g, a white substance, boiling at 230% and 
ole&ie, C|2Hi2> a colourless ethereal liquid. Elaine combines 
with chlorine, with the evolution of hydrochloric acid, and 
forms an oily compound (Fremy). 

ACROLEINE. 

Oils and fats boil at a high temperature, giving off carbonic 
acid with a little inflammable gas, and a substance possessed of a 
most pungent odour, which attacks the eyes most painfully, 
and is named acroleine. The pure oily acids do not yield this 
substance, i)ut only their compounds with oxide of glyceryl. 
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proving that the acroleine comes from the glycerin. It is, in- 
deed, produced in lai^ quantity by the distillation of pore 
glycerin. Hence the occurrence of aeroleine among the pro- 
ducts of the distillation of a fat or oil is a sure and delicate test 
of the presence of glycerin in the oil. 

Acroleine is unknown in a state of purity. It absorbs oxygen 
with great rapidity from the air and becomes add. Its solution 
is decomposed even in close vessels, and yields a tasteless, in- 
odorous, and very indifferent white solid, not resembling fat, 
and ins<duble in all menstrua yet tried. No compound of acro- 
leine has been formed from which it can again be obtained* 
(Liebig). 



CHAPITER IX. 



VEGETO-ALKALIES. 



In the class of organic bases are included a number of bodies 
containing nitrogen, which have the properties of the basic or 
metallic oxides, and form salts with acids. These salts perfecdy 
resemble salts of metallic oxides ; the acids which they contain 
continue to be affected by the usual reagents, sulphate of mor- 
phine and sulphate of soda being equally precipitated by chloride 
of barium, and the organic bases themselves are liberated by 
stronger bases. Oxide of ethyl and oxide of methyl are like- 
wise bases, but in salts of these, acids have their properties dis- 
guised, and can no longer be transferred to other bases such as 
the metallic oxides, by double decomposition ; the compounds 
of the last mentioned bases with acids diverge therefore widely 
in their properties from common salts. The present .class of 
organic basis are principally derived from plants, and are known 
as the vegeto-alkalies. The solutions in water of suclrof them 
as are soluble in that liquid, and their solutions in alcohol 
restore the blue colour of reddened litmus and render yellow 
turmeric paper brown ; they are therefore unequivocally alka- 
line. The following organic bases appear to be allied to the 
class of v^eto-alkalies, ammeline, melamine, aniline or crystalline, 
urea, with certain bases still problematical which Unverdcurben 
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derived from volatile animal oil (oil of Dippel), namely odorine^ 
ammoline and animine. 

The investigation of this class of bodies was commenced by 
I>erosne,*who in 1803 observed narcotine, and by Sertaemer, 
-who, in ]817> recognised in morphine from opium the first 
vegetable base. These chemists were followed by others^ par- 
ticularly Robiquet and MM. Pelletierand Caventou, who in cin- 
chona bark, nux vomica, and other vegetable matters found 
organic bases, in which the medicinal virtues of the plants 
resided. The analogy of these bases to metallic oxides and 
their valuable applications in medicine have rendered the class a 
favourite study with both chemists and pharmacians. The 
method generally pursued in the preparation of such of these 
bases as, like morphine, are insoluble in water, consists in treat- 
ing the vegetable substance containing the base with a dilute 
acid which forms a soluble salt with the base. This solution 
is concentrated by evaporation, and slightly supersaturated with 
a soluble alkali, ammonia, hydrate of lime, magnesia or carbo- 
nate of soda, by which the vegetable base is precipitated 
coloured and in an impure condition. To free it from foreign 
matters, the base or a salt of it is crystallized from alcohol, or 
if neither the base nor its salt is not much more soluble in hot 
than in cold alcohol, and therefore does not crystallize well from 
that liquid, the salt is rendered white by treatment with animal 
charcoal and repeated crystallization, and the pure base finally 
precipitated by means of carbonate of soda. 

The extraction of bases which are soluble in water and vola- 
tile such as conicine, is more difficult. The leaves, flowers, root, 
or seeds which contain the volatile base are submitted to distil- 
lation with a weak solution of caustic alkali. The water which 
distils over is found to be saturated with the organic base, and 
generally contains besides a quantity of ammonia resulting 
firom the decomposition of a portion of the former. The dis- 
tilled water is fully neutralised with dilute sulphuric acid, 
mixed in a concentrated state with caustic alkali, and the whole 
digested in a close vessel with ether, which last solvent takes up 
the liberated vegetable base and the ammonia. The ethereal 
solution being then distilled by the heat of a waterbath, the 
ether and ammonia escape, and the vegetable base is left pure 
in the retort. 
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Ammonia is a trae type of the organic bases in general con- 
taining nitrogen. Morphine, quinine, and other members of 
the class unite directly with hydrochlorie acid, as ammonia does, 
without the separation of water. An atom of water likewise 
enters into the composition <^ all their salts containing an 
oxygen acid, as in the corresponding salts of ammonia. This 
will appear on comparing together the following formulae, in 
which morphine Cg^H^QNO^ appears exactly equivalent to 
ammonia NH3 '^ 

Hydrochlorate of ammonia, NH3 + HCL 

Hydrochlorate of morphine, C35H2QNO6 + HCL 

Sulphate of ammonia NH3 + H0,S03 

Sulphate of morphine C35H20NO6 + H0,S03 

Urea even does not form an exception to this rule, but com- 
bines directly with hydrochloric add, according to the obsenrap- 
tion of Hagen. The hydrochlorates of the vegetable bases also 
resemble sal ammoniac in forming a crystallizable double salt 
with one atom of bichloride of platinum, and with two atoms 
of chloride of mercury, the last corresponding with sal alem- 
broth. This similarity in properties favours the idea that these 
bases may have a constitution analogous to that of ammonia 
or be amides of an unknown radical, as ammonia is the amide 
of hydrogen. The amides derived from most acids are neutral 
substances, it is true, such as oxamide, NH^ -f C2O2, succinamide 
NH24-C4H2O2, fumaramide, NH2 + C4HO2 and benzamide 
NH2 4-Ci4H502. Urea, however, which contains two atoms of 
amidogen, as it is represented by Dumas, 2NH2 + C2O2 has a 
basic character ; and melamine is strongly basic, which may be 
represented as Cy3+3NH2, as cyanuric acid is Cj^ + O^ (Liebig)* 
But although this view of the constitution of vegeto-alkaUes is 
not improbable it must be admitted that the radicals which are 
thus supposed to be in combination with amidogen, in the 
vegetable bases, have not been transferred from that to any 
other radical, much less isolated. 

Chlorine transmitted through water containing a vegetable 
base in suspension quickly produces hydrochloric acid, and 
forms a hydrochlorate of the base, which is soluble in the water. 
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This salt is decomposed by the continued application of chlorine, 
generally with a change of colour in the liquid to yellow or red^ 
and the formation of a precipitate. The precipitate from the 
salts of strychnine has been found to contain both chlorine and 
nitrogen. Quinine and cinchonine salts become with chlorine 
yellow^ rose-red^ and then yiolet^red, while a red resinous matter 
precipitates, which in the air becomes brown, hard, and pul^ 
verisable. But the nature of the changes which chlorine pro- 
duces upon these bases remains still to be investigated. The 
action of iodine is more definite. According to Pelletier, 2 
parts of strychnine and 1 part of iodine dissolved in boiling 
alcohol, give a precipitate on cooling, of yellow crystalline 
spangles, resembling mosaic gold, and hydriodate of strychnine 
crystallizes out from the liquor when concentrated by evapora* 
tion. The precipitate appears to contain 1^ equivalent of iodine. 
The precipitate produced in brucine, treated with tincture of 
iodine in the same way is yellow ; quinine and cinchonine give 
saffron plates by evaporation of the Uquid. The vegetable 
alkaUes are recovered unaltered from these precipitates, when 
they are treated with a dilute acid, iodine being then liberated 
or by the action of a solution of caustic potash or soda, and 
then iodide of potassium or sodium is produced at the same 
time. The substance thrown down by the action of iodine upon 
morphine is of a brown colour and differs in nature from the other 
products as morphine can in no way be revived from it. The 
hydrogen of the hydriodic acid formed with the other alkalies 
appears to come from the water, but to be derived in the last 
case from the decomposition of the vegetable base itself. 

Little is known of the action of acids upon the vegetable 
bases, with the exception of some observations of change of 
colour which have been made. Thus brucine with a slight 
excess of nitric acid becomes blood-red, while the colour of 
pure strychnine is not changed by the same treatment, so that 
the presence of brucine in strychnine can in this way be de- 
tected. Nitric and iodic acids colour morphine, and its salts 
rose-red. Other bases, such as urea and melamine are decom- 
posed by the stronger acids; urea being converted by the 
action of concentrated sulphuric acid into carbonic acid and am- 
monia, by the assumption of two atoms of water ; and mela- 
mine into cyanuric acid and ammonia, by the assumption of 
three atoms of water. Thebaine also, exposed to dry hydrochloric 
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acid gas, is resolved into sal ammoniac and a resinous substance 
having acid properties (Kane) ; but the other vegetable bases 
are not found to i:^dergo similar decompositions when exposed 

to acids. 

Curious relations in composition exist between some of the 
vegetable bases ; thus cinchonine and quinine appear only to 
differ from each other, in the latter containing an atom of 
oxygen more than the former : 

Cinchonine Cg^Hi^NO 

Quinine C^qHi^NO^ 

A.nother base, aricinCy of which the composition is less cer- 
tainly determined belongs properly to the same group, contain- 
ing an atom more of oxygen than quinine, that is, C20H12NO3 
(Pelletier). These three bases are found together in the 

quinquinas. 

Codeine and morphine, which are found together in opium, 

appear to have a similar relation in composition to each other : 

Codeine C35H20NO5, 

Morphine. • . • C35H20NO5. 

Narcotine from opium and chelidonine, a base likewise from 
the family of PapaveracetBy appear to be related : 

Chelidonine C40H20N3O6 (WiU.), 

Narcotine. .... C40H20N O^ (Liebig.) 

The chelidonine contains 2 atoms of nitrogen more than the 
narcotine, while the latter contains 6 atoms of oxygen instead 
of this nitrogen ; these being equivalent quantities, it wiU be 
remembered of the elements in question. Or, by adding 2 
atoms of ammonia to narcotine and subtracting therefrom 
G atoms of water, chelidonine would be produced (liebig). 
Attempts, however, which have been made to convert one of 
these bases into the other have not been successful. But the 
composition assigned above to narcotine is by no means certain. 
The formula for the same base deduced by M. Regnault frooi 
his analysis is C44H33NO13; and that deducible from the 
atomic weight of its double salt with bichloride of platiQum is 
C«Ha,NO,j (Liebig.) 
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According to the formtdfiB which M. liebig is inclined to 
adopt for the two bases strychnine and brucine, which also 
occur together^ the latter contains 2 atoms of water and 1 atom 
of oxygen more than the former : 

Strychnine C44H23N14O5, 

Brucine C44H25N14O8 (Liebig.) 

To the same bases M. Regnanlt assigns formuke which are 
somewhat different, but which are equally compatible with 
the atomic weights of these alkalies as observed in their 
bichloride of platinum compounds : 

Strychnine C44HagN204, 

Brucine C44H25N20y (Regnault.) 

These formula indicate the same difference of composition 
between strychnine and brucine, as do the preceding formulas 
for the same compounds. The composition of thebaine from 
opium, according to the analysis of Dr. Kane is expressed by 
C25H14NO3. The composition^ of jervine, a base discovered 
by M. Simon in the root of Veratrum albums and carefully 
analysed by Dr. WiU is CeoH^sN^Oj. 

Several other organic bases have been analysed, but those of 
which the composition has been already stated are perhaps the 
only ones, for which we have data to construct formulsB of any 
considerable degree of probability. The numerical results of 
the best analyses which have been made of the remaining bases 
are given by M« Liebig, as follows :* 





ARICINB. 


ATROPINE. 


CONICINC. 


CORYDALINB. 




Fdleti«r. 


LieUg. 


Liebig. 


Fr. D6b«reiner 


Carbon. 


. 71.0 


70.98 


66.91 


63.05 


Hydrogen. 


7.0 


7.83 


12.00 


6.83 


Nitrogen. . 


8.0 


4.83 


12.81 


4.32 


Oxygen. 


. 14.0 


16.36 


8.28 


25.80 



100.0 100.00 100.00 100.00 



* HandwOrterbuch der Reinen und Angewandten Chimie^ b. i, 709. 
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DELPHI NINE. EMETINE. 
CouCrbe. Pelletier. 


NARCEINE. 




Pelletier. 


CoaMx, 


Carbon. . 


. 76.69 


64.57 


54.73 


57.02 


Hydrogen . 


8.89 


7.17 


6.52 


6.64 


Nitrogen. 


5.93 


4.30 


4.33 


4.76 


Oxygen. 


7.49 


22.961 


34.42 


31.58 




100.00 


100.00 


100.00 


100.00 




P8EUD0M0RPIIINE. 


SABADILLINE. 


SOLANIWE. 






PeUetier. 


Couerbe. 


BlaocheC 


Carbon. . 


• • • . 


52.74 


64.18 


62.11 


Hydrogen. 


• • a . 


5.81 


6.88 


8.92 


Nitrogen. 


• . . • 


4.08 


7.95 


1.64 


Oxygen. . 


• • • . 


37.37 


20.99 


27.33 




100.00 


100.00 


100.00 




VERATRINE. 


MENI8PERMINB. 

Pellet and Coaerbe. 


STAPH ISA INE 




CouErbe. 


DnzDM and Pellet. 


CouSrbe. 


Carbon. • 


. 71.48 


66.75 


71.89 


53.57 


Hydrogen. 


. 7.67 


8.54 


8.01 


8.71 


Nitrogen. 


5.43 


5.04 


9.57 


5.78 


Oxygen. . 


. 16.42 


19.60 


10.53 


11.94 



100.00 



100.00 



100.00 



100.00 



MORPHIA AND THE OTHER BASES IN OPIUM. 



When incisions are made in the heads of the white poppy, 
{Papaver somniferum) a milky juice exudes, which is allowed to 
dry by evaporation on the plant, then scraped off and collected, 
it forms opium. This drug has been minutely examined, and 
several vegetable bases derived from it. Its narcotic and 
anodyne properties are chiefly due to morphine, which is also 
the base that opium contains in largest proportion. 

Morphine or morphia, C^Hqq^Oq. — Much soluble matter is 
extracted from opium when treated repeatedly in a divided 
state with water. Most of the narcotine, however remains in 
the residuum, from which it may be extracted by dilute 
hydrochloric acid, or by boiling alcohol or ether. If the 
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aqueous solution be greatly concentrated by evaporation^ and 
mixed with a strictly neutral solation of chloride of calcium, 
a brown impure precipitate of meconate of lime is thrown down, 
while the bases are converted into hydrochlorates. The liqaid 
being filtered may be made distinctly acid with hydrochloric 
add, then digested, in order to discolour it, with pure animal 
charcoal previously deprived of all phosphate of lime by an 
acid, filtered again and evaporated for crystaUization. A radiated 
crystalline mass is deposited which consists of hydrochlbrate of 
morphine in combination with hydrochlorate of codeine. This 
mass may be drained and expressed, then dissolved in hot 
water, and precipitated by ammonia, which throws down the 
morphine, while the codeine remains in solution. By farther 
concentration of the liquid an additional quantity of morphine 
is deposited ; when afterwards an excess of caustic potash is 
added to the liquid, what remains of the morphine is retained 
in solution, and the codeine precipitated. Thebaine, narcotine, 
&c., remain in the former brown mother-liquor, which afforded 
the crystallized double salt of hydrodilorate of morphine and 
codeine. 

Morphine may be prepared, without reference to the other 
bases in opium, by various processes, of which the following 
appears to be the best. The opium is macerated thrice in succes- 
sion, each time with three parts of cold water, and the mass after 
each digestion strongly expressed. The liquids are united, raised 
to the boiling point, and mixed with an equal bulk of milk of 
lime, the latter containing a quantity of hydrate of lime equal to 
about one fourth of the weight of the dry opium employed. 
After boiling for a few minutes the mixture is strained through 
linen ; all the narcotine, meconic acid, &c., remain in the lime 
predpitate, while all the morphine is contained in the solution 
in combination with lime. This solution is greatly concentrated 
by evaporation, then filtered, heated to the boiling point and 
pounded sal ammoniac is thrown into it, in about the proportion 
of 1 ounce of sal ammoniac to 1 pound of opium. The caustic 
lime, is thus converted into chloride of calcium, the morphine 
loses its solvent, and is precipitated in small crystalline needles. 
Opium yields upon an average a sixteenth of its weight of 
morphine. (Mohr.) 

Morphine as precipitated by ammonia forms a white pulve- 

2 s s 
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rulent mas8« but when crTStallized from alcohol it assumes the 
form of small colourless brilliant prisms. It requires 1000 times 
its weight of water to dissolve it, but tastes sensibly bitter, 
and has an alkaline action. Morphine is scarcely soluble in 
ether^ but dissolves in 40 times its weight of cold and in 
30 times its weight of boiling alcohol; it is very soluble in 
caustic alkali. It is fusible by heat, with the loss of water of 
crystallization, and on solidifying again forms a crystalline mass. 
Morphine and its salts strike a deep blue colour with the solu- 
tion of a persalt of iron made as nearly neutral as possible ; 
they likewise decompose iodic acid and liberate iodine, which 
may then be detected by solution of starch. 

Hydrochlorate of morphine crystallizes in needles or feathery 
crystals, which require from 15 to 20 times their weight of cold 
water to dissolve them, but dissolve in less than their own 
weight of boiling water. This, which is perhaps the most 
valuable of the salts of morphine for medical use, is prepared 
directly from opium.* Sulphate of morphine is highly soluble, 
and crystallizes like the hydrochlorate. BisulphcUe of morphine 
has been formed. Acetate of morphine crystallizes with difficulty 
and is apt to lose a portion of its add even when kept in 
crystals; it is much employed in medicine. Bimeamaie of 
morphine is a crystallizable salt, in which one of the three atoms 
of water of meconic acid, is replaced by morphine ; this salt also 
b prepared for medical use ; morphine is supposed to exist in 
opium in combination with meconic acid. The latter acid can 
easily be detected by re-agents (page 9i7) ; &nd being found 
in no other vegetable matter but opium, meconic add is the 
substance looked for in testing for opium, of which it is an 
infallible index. 

2. Narcottne, C^gH^NOig, the first crystalline substance derived 
from opium, is remarkable for its solubility in ether, by means 
of which it may be dissolved out of opium. It forms colour- 
less brilliant prisms, is tasteless, insoluble in water and caustic 
alkali, soluble in alcohol. Its solution has no alkaline reaction, 
but narcotine dissolves in adds ; its salts do not crystallize. 

3. Codeinej CggH^NO^, is remarkable for its solubility in 
water, being soluble in about 2 parts of boiling water, also in 

• By the process invented by Dr. Robertson and improved by Dr. W. Gre- 
gory; Edinburgh Medical and Surgical Journal, Nos. 107 and 111, also Jour, de 
I'har., xijt. 156, 
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alcohol and etber« It has a weak taate^ alkaline reaction, and 
fuses by the heat of boiling water. 

4. 7%ebaine or paramorphme, C25H14NO5, is crystallizable, 
has an alkaline reaction and sharp taste. 

5. Narceine, a weak base which exists in opium in a very 
small proportion. Two other bases, pseudamorpkine and por~ 
phyrowme have been discovered in certain species of opium. 
Opium also contains a neutral substance mecomne in minute 
quantity, of which the elements are carbon, oxygen and hydrogen 
only. 

QUININE AND GINCHONINE. 

Peruvian bark owes its febrifuge qualities to these bases, 
which it contains in combination with tannic and kinic acids. 
Quinine is most abundant in yellow bark, usually considered 
as die bark of the Cinchona card\folia, while cinchonine prevails 
in the grey bark considered as the bark of the Cinchona nitida 
or of the Cinchona condaminea. 

The ground bark is boiled in water acidulated with hydro- 
chloric acid, the filtered solution mixed with an excess of milk 
of hme, the precipitate washed, expressed and dried. From 
this precipitate, which contains quinine, cinchonine, tannate of 
time and other matters, the two bases are dissolved out by 
boiling alcohol; the solution which is strongly coloured is 
filtered, neutralised with dilute siilphuric acid and the alcohol 
distilled off. Sulphate of quinine crystallizes on cooling, 
and is obtained colourless by treatment with animal charcoal 
uid repeated crystallization. The sulphate of cinchonine may 
be obtained from the coloured mother liquor. Both bases may 
be isolated by precipitating a solution of their salts in water, 
by means of ammonia. (WoBhler.) 

Quinine^ C^^i^O^ — ^This base is precipitated by ammonia 
in white flocks, which are not crystaUine, and is crystallized 
even from solution in alconol with difficulty ; but from hot 
alcohol containing a tittle ammonia quinine is deposited in 
fine needles. It is in the state of a hydrate, which fuses 
about 302^ and loses the whole of its water. Quinine is veiy 
bitter, alkaline, soluble in 200 parts of boiting water, and highly 
soluble in alcohoL Most of the salts of this base are crys- 
tallizable, intensely bitter and are precipitated by alkaties, 
bichloride of platinum and oxatic acid. 

2 s s 2 
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Subsulphate of quinine, the ordinary sulphate of quinine of 
the shops, crystallizes in tufts composed of fine needles, which 
are very light, slightly flexible and have a pearly lustre. It 
requires 740 parts of water to dissolve it at 55^ but only 30 
parts at 212^ ; it is very soluble in dilute sulphuric acid. It fuses 
with the appearance of wax, and loses \\\ per cent or 6 atoms of 
water. The crystallized salt contains 2 atoms of quinine and 8 
atoms of water to I atom of sulphuric acid. Neutral sulphate of 
quinine is formed by adding a little sulphuric acid to a solution 
of the sub-sulphate ; it crystallizes well in rectangular prisms 
with rectangular or square bases, is soluble in 11 parts of water 
at 55% and fuses in its water of crystallization at 212^. It 
reddens vegetable blues, although its taste is not perceptibly 
sour but strongly bitter ; it contains 8HO. 

Cinchoniney Cj^^HigNO. — ^This base crystallizes readily from 
alcohol in brilliant prisms. It requires 2500 times its wdght 
of boiling water to dissolve it, and is less soluble in cold water. 
It is but slightly soluble in cold ether ; in its other properties 
it resembles quinine. Neutral sulphate of cinchonine crys^ 
tallizes also in large octohedral crystals of a rhomboidal base^ 
having a mother of pearl lustre; it contains 8 atoms of 
water. 

STRYCHNINE AND BRUCINE. 

These alkahes are derived from the Nux vomica class of 
plants and particularly from the seeds of Strychnos fmx vomica^ 
and St. Ignatius' bean, the fruit of Strychnos ignatia. To 
extract them, powdered nux vomica is boiled repeatedly in 
water, the infusion is concentrated to a syrup and mixed with 
hydrate of lime in the proportion of 2 ounces of quicklime to 
1 pound of the nux vomica. The two bases are contained in 
the insoluble portion of the mass, which is dried and exposed 
to boiUng. alcohol. On evaporating the alcoholic solutioa 
strychnine crystallizes first, while the brucine and a portion of 
strychnine remain in the mother liquor. To conq)lete the 
separation, the bases in the mother liquor are neutralised by 
greatly diluted nitric acid, and the nitrate of strychnine crys- 
tallized out, while the salt of brucine remains still in solution 
being much later of crystallizing. From the salts, purified as 
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usual by animal charcoal, and dissolved in water, the bases may 
be precipitated by ammonia. 

strychnine or strychnia^ C44H23N2O4 ; as obtained from the 
evaporation of its alcoholic solution it assumes the form of 
minute colourless octohedrons, composed of two four-sided 
pyramids, between which a four-sided prism is sometimes 
interposed. It is soluble in 2500 parts of boiling and in 6667 
parts of cold water ; but the last solution, weak as it is, has 
an intensely bitter taste. It is insoluble in absolute alcohol 
and ether, but sensibly soluble in aqueous alcohol ; not fusible. 
Strychnine acts with great energy on the animal economy, 
inducing tetanus. Its poisonous action is best counteracted by 
an infusion of gallnuts or warm tea. The salts of strychnine 
are generally crystallizable. 

Brucine, C44H25N2O7. — ^This alkali was^rst discovered in 1819 
.by Pelletier and Caventou in the bark of Brucia antidysenterica, 
Brucine^greatly resembles strychnine in its properties, acts in 
the same way on the animal economy but is much Fess poi- 
sonous. It is more soluble in water, and is strongly reddened 
by nitric acid, while pure strychnine is not. 

VERATRINE. 

This alkali is found in the seeds of different species of Vera* 
tram, particularly of Veratrum album or white hellebore, and 
Vermtrum sabadtiUa, in which it exists combined with veratric 
add, (page 955). It is extracted by a process similar to that 
for strychnine. Veratrine has the aspect of a resin, is friable and 
gives a white powder; it cannot be crystallized. It is nearly 
insoluble in water, but dissolves in alcoliol and ether. Its taste 
is excessively acrid and not bitter; with sulphuric acid it 
becomes yellow, red, and at last violet. Veratrine occasions 
violent irritation in any mucous membrane to which it is 
applied, and is highly poisonous. Few of its salts except the 
hydrochlorate and sulphate are crystallizable; they are not 
precipitated by bichloride of platinum. 

SabiuKUine is a crystallizable base which accompanies vera* 
trine in the se.eds of Veratrum sabadilla. Jervine is another 
base found in the root of Veratrum album. 
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CONICINE. 

This base is also termed catua and coneme ; its formula is 
C12H14NO. It exists in all parts of hemlock, ConiMfii maculatum. 
It is volatile and is obtained by the distillation of the plant or 
its seed with a solution of caustic alkali^ in the manner formerly 
indicated. It is a colourless oily liquid^ of density 0S9^ boifing 
at 802^ ; its odour is strong and penetrating, recalling at once 
that of hemlock and tobacco. The taste of conicine is acrid and 

w 

corrosive, and it occasions death almost as rapidly as hy(&o- 
cyanic acid. It is soluble in 100 parts of water, alkaline^ 
miscible with alcohol and ether. With sulphuric, phosphoric, 
nitric and oxalic acids it forms salts, which crystallize welL 
Solutions of both conicine and its salts undergo decomposition 
when air is admitted to thera^ and become brown with forma- 
tion of ammonia. 

The following organic bases are weU established^ besidea 
those already enumerated : 

Aconitiney in several species of aconitum. 

Ariciney in a variety of cinchona bark. 

Atropine, in all parts of Atropa belladonna. This base is 
soluble in water, and is readily decomposed when in solution by 
heat ; it crystallizes in small white prisms. Its taste is most 
disagreeably bitter and acrid. In a state of solution, and par- 
ticularly when in combination with acids^ it is easily decomposed 
with the formation of ammonia. It is highly poisonous, and 
in the most minute proportion possesses the power to dilate 
the pupil of the eye. The formula for atropine is C34HgNOQ. 

CheUdonine and chelerythrine in Chelidonium majus. 

Colchicine in Colchicum autumnate. 

Corydaline in the root of Corydalis bulbosa and fabaoea. 

Curarine in the Curara poison of India. 

Daturine in the seeds particularly of Datura stramonium. 

Delphinine in the seeds of Delphinium staphisagria. 

Emetine in ipecacuanha, the root of Cephaelis ipec. It is a 
white, very fusible powder of a feebly bitter taste, sparingly 
soluble in water, readily soluble in alcohol ; it excites vomitings 

Hyoscyamine in Hyoscyamus niger and albus* 
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Nicotine exists in the leaves and seed of different species of 
tobacco^ namely Nicotiana tabacum and Nicotiana mstica. It 
is soluble in water, has the consistence of butter and distils 
at 284«. 

Pelosine in the root of Cissampelos pareira. 

Sokmine in several species of Solanum^ and in the first shoots 
of germinating potatoes. 

The following bases are not so well known and still proble- 
matical : apirine^ azaridine^ blanchinine^ buxine, carapine, 
castine, chioccine, crotonine^ cynapine, daphnine^ digitaline, 
esenbeckine, eupatorine, euphorbiine, fumarine, glancine, glau- 
copicrine, jamaicine^ menispermine^ paramenispermine, pitayine^ 
sanguinarine, staphisaine, surinamine, violine. Besides two 
bases in Carthf^na quinquina bark and in chinova bark. 
(Liebig.; 



CHAPTER X. 

CYANOGEN AND FFS COMPOUNDS. 

Cyanogen, NC2=sCy, which, when free, is a gas ^age 428), 
is remarkable as an organic radical, and. enters as a constituent 
into a large class of compounds. It combines directiy with 
hydrogen, forming a hydrogen-acid, with the whole of the 
metals forming salts, and is also obtained ia combination with 
oxygen forming several acids, and with chlorine. Cyanogen 
also appears to be a constituent of urea and uric acid, and of 
the numerous bodies derived firom the decomposition of the 
latter. 

Formation of cyanoffen.-'^This compound is always primarily 
obtained as a constituent of ferrocyanide of potassium (page 
450). In order to explain the reaction between animal matters 
and carbonate of potash, wh^ fused together at a red heat^ 
which gives rise to that salt, it is necessary to keep in mind the 
following properties of the salt :— When heated to redness in a 
close vessel, ferrocyanide of potassium is decomposed into 
cyanide of potassium, carburet of iron and nitrogen gas 5 that is, 
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looking upon the ferrocyanide of potassium as a double cyaoide, 
the cyanide of iron is converted into carburet of iron and nitro- 
gen gas^ while the cyanide of potassium escapes decomposition. 
The cyanides of metals in general which can combine with 
carbon^ are decomposed in the same way as the cyanide of iron ; 
thus the cyanide of silver when heated gives at first a Kttle 
cyanogen, but afterwards it fuses, and glowing suddenly^ gives 
nitrogen gas, the carbon remaining in combination with the 
silver. The addition of carbonate of potash to the heated ferro- 
cyanide of potassium prevents the decomposition of any cyano- 
gen, cyanide of potassium being then formed, together with 
oxide of iron ; and when charcoal forms a third ingredient of 
the fused mixture, the oxide of iron is reduced to the metallic 
state. Hence ferrocyanide of potassium cannot be supposed 
ready formed in the red-hot mixture of the iron pot in which it 
is manufactured, that mixture containing both charcoal and car- 
bonate of potash. 

In the manufacture of this salt, animal substances, such as 
dried blood, horn, hoofs, and bristles, with common pearlashes, 
are the materials employed. The animal matter is used either 
in its natural state, or it is previously submitted to distillation, 
as in the' preparation of ammonia, and the residual charcoal 
merely employed for the manufacture of the prussiate. The 
projection of animal matter into the melted potash occasions a 
lively effervescence, from the evolution of carbonic acid and 
some combustible gases. The liquid is stirred afber each addi- 
tion of the materials. The usual proportions employed are 
equal parts of pearlashes and animal matter, or ten parts <^ the 
former and eight parts of carbonised animal matter* Three or 
four per cent of iron filings are usually added to the mixture. 
After each addition of animal matter the heat is urged until the 
whole is fused, and the melted material, which is of a thick con- 
sistence, is not removed from the pot until the charcoal is seen 
to be equally diffiised through the whole mass. The mass, after 
cooling, is placed in an iron p&n filled with water, the clear 
liquid after a time drawn ofi^, and water boiled several times on 
the insoluble residue. The liquids are evaporated for crys- 
tallising the salt at a temperature not exceeding 203^ Fidir. 
The formation of prussiate takes place after the solution of the 
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melted mass^ by the action of tibe matters dissolved upon the 
insoluble residue; for this melted mass yields nothuig but 
cyanide of potassium to alcohol, and contains no prussiate. In 
explanation of the formation of cyanide of potassium in the 
melted mass, it is stated by Liebig that metallic potassium 
readily produces that salt when fused with calcined blood, dis- 
engaging at the same time a considerable quantity of charcoal ; 
the proportion of nitrogen to carbon, in cyanogen, beii^ one 
equivalent of the first to two of the last, while in blood, 
hair, and horn, the proportion is 1 to 6. Now when these 
animal matters are fused at a high temperature with potash, the 
free charcoal reduces the potash to the state of potassium ; the 
latter then acts upon the azotised carbonaceous matter, forming 
cyanogen, with which it unites. A second mode in which 
cyanide of potassium is produced, is when ammoniacal gas is 
conducted over a mixture of carbonate of potash and charcoal 
at a red heat. This is accounted for by the action of ammonia 
upon charcoal alone at a red heat ; the gas is entirely converted 
into hydrocyanic acid and hydrogen (NH, and 2C=H,NC2 
and 2H). Now hydrocyanic acid decomposes carbonate of 
potash at a red heat, forming cyanide of potassium. Hence the 
product of cyanide of potassium is most considerable when the 
animal matter is used in its natural state, and not previously 
carbonised, a fact of which the manufacturers of prussiate of 
potash have long been aware from experience. To account for 
the subsequent conversion of the cyanide of potassium in the 
process into prussiate, it is absolutely necessary that iron exist 
in the fused mass ; but it may indifferently be in the condition 
of metallic iron, the protosulphuret or the protoxide of iron, 
llie first is readily dissolved by a solution of cyanide of potas- 
sium with evolution of hydrogen gas (3KCy with HO and Fe 
=2KCy,FeCy and KO and H) ; the second with the formation 
of sulphuret of potassium, and the third with that of caustic 
potash. When the iron is added in the state of protosulphate 
to a solution of cyanide of potassium, one tiiird of the latter salt 
becomes cyanide of iron (a brown insoluble matter), which is 
dissolved by the other two-thirds of the alkaline cyanide, and 
the ferrocyanide formed. These processes are not altered in 
the sUghtest degree by mixing caustic potash or its carbonate, 
or the sulphuret of potassium, with the solution of cyanide of 
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potasriom. Much of the iron necessary is derived from the 
corrosion of the iron pot in which the fusion is conducted.* 

HYDROCYANIC ACID. 

Syn. Prussic acid; formula, H + Cy. This acid was disco- 
rered by Scheele^ and its constitution first ascertained by 
Gray-Lussac. It may be obtained anhydrous by transmitting 
dry sulphuretted hydrogen gas over cyanide of mercury in pow- 
der, and contained in a glass tube ; sulphuret of mercury being 
formed, and hydrocyanic acid liberated. The vapour of the 
latter should be carefully condensed, by conducting it into a 
Liebig's condenser charged with ice-cold water. It may also 
be obtained very conveniently by the following process of 
M. Trautwein. Fifteen parts of ferrocyanide of potassium 
(page 450) are distilled in a glass retort, at a very gentle heat, 
with 9 parts of sulphuric acid previously diluted with 9 parts of 
water and cooled, and the product conducted into a well cooled 
condenser, containing 5 parts of chloride of calcium in coarse 
fragments. The distillation is stopt as soon as the salt in the 
condenser is entirely covered by fluid ; and the latter is poured 
off and transferred into a bottle with a well ground stopper, and 
secluded from light 

Hydrocyanic acid is a colourless liquid, of density 0.6967 at 
640, still liquid when free from water at — 64% boiling at 80* ; 
miscible with water, alcohol and ether in all proportions. It 
consists in the state of vapour of 2 volumes of cyanogen and 2 
volumes of hydrogen united without condensation ; its combin* 
ing measure is therefore 4 volumes, like that of all other hydro- 
gen-adds ; and its theoretical density 943.7, air being 1000. It 
has a peculiar, very penetrating and suffocating odour, resem- 
bling that of the distilled water of bitter almonds, its taste is 
very bitter and burning. Hydrocyanic acid is in the highest 
degree poisonous, and its vapour when inspired, produces 
immediately fatal effects. Its poisonous action is best counter- 
acted by tiie inhalation of air containing chlorine or ammonia. 
Hydrocyanic acid scarcely reddens litmus ; its vapour is very 
inflammable. When pure it easily undergoes decomposition, 

* Liebigt FroceedingB of the Chetu. Soc. of LondoDi vul. i. p. 2. 
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particularly under the influence of light, ammonia being formed 
with a brown precipitate. This decomposition is prevented by 
a slight admixture of any other acid. When potassium is 
heated in the vapour of hydrocyanic add, cyanide of potassium 
is formed^ and the hydrogen c^ the add is disengaged as gas. 
When its vapour is passed over ignited quicklime or barytes^ a 
mixture of cyanide of the metal and cyanate of its oxide is 
formed, and pure hydrogen disengaged. Chlorine decomposes 
hydrocyanic add, and forms hydrochloric add and chloride of 
cyanogen. 

The aqueous solution of hydrocyanic add may be prepared 
by predpitating potash firom cyanide of potassium, by means of 
tartaric add, and may in this way be obtained at once of a de- 
terminate strength and in a good condition for preservation 
(page 452). But to prepare this acid in considerable quantity 
the following process may be foUowed, which is that of Grdger 
with the proportions n^odified. Eight parts of ferrocyanide of 
potassium with 7 parts of dl of vitriol diluted with 36 parts of 
water, are slowly distilled nearly to dryness, the product bdng 
transmitted through a Liebig's condenser, and collected in a 
recdver containing at first S parts of water. The condensed 
liquid contains very uniformly 1.62 parts of hydrocyanic add, 
which corresponds with one half of the quantity of cjranogen 
in the salt, the other half of the cyanogen remaining in the 
residuary insoluble ferrocyanide ; the latter is white or yellow- 
ish-white when pure, but is often coloured by prussian blue.. 
In this reaction 2 equivalents of ferrocyanide of potasdum are 
decomposed by 6 equivalents of sulphuric add, which liberate 
3 equivalents of hydrocyanic add. The residuary products are. 
an insoluble ferrocyanide of potassium and iron, K,Fe+FeCy3 
(Everitt), and 3 equivalents of bisulphate of potash ; or : 

2(K2+FeCy3) and 6(HO.S03)=K.re+FeCy3 and 3(H0,S03 

+ K0,S03) and3HCy. 

If ferrocyanide of potassium be viewed as a double cyanide 
of iron and potasdum, FeCy+2KCy, then the decompodtion 
in tiie foregoing process is limited to the cyanide of potassium 
of the salt, of which cyanide 3 atoms are decomposed* out of 
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the four contained in 2 equivalents of the double salt ; and the 
residuary insoluble double cyanide is 2FeCy+KCy. 

The proportion of hydrocyanic acid in the acid prepared by 
the preceding process may be ascertained by accurately wei^ng 
a portion of it, amounting to about 100 grains ; adding to this 
portion nitntte of silver in excess, collecting the white insoluble 
precipitate of cyanide of silver which falls on a weighed filter, 
drying and weighing together precipitate and filter. Five parts 
of the precipitate correspond to 1 part of hydrocyanic •acid. Or 
red oxide of mercury may be used to test the strength of the 
aqueous add. A drop or two of caustic potash is added to a 
weighed quantity of the dilute acid, and then a known weight of 
the red oxide of mercury in fine powder is agitated with it. 
The metallic oxide dissolves readily as cyanide of mercury, 
every 4 parts of oxide dissolved corresponding with 1 of anhy- 
drous acid. The hydrocyanic acid may then be reduced to any 
degree of strength desired, by the addition a( water. 

The dilute acid, when absolutely pure, soon decomposes, 
becoming brown and then black, but has stability imparted to it 
by the smallest trace of sulphuric acid; an addition which 
should be made when it is intended to preserve hydrocyanic 
add for medical use. The solution has the taste, odour and 
poisonous qualities of the anhydrous add. 

Hydrocyanic acid may be detected by its odour, or by adding 
a few drops of sulphuric add to the liquid containing it, and 
covering the vessel with a glass plate having its lower surface 
moistened by a solution of nitrate of silver. The hydrocyanic 
add rises from its volatility, and produces a white predpitate in 
the nitrate of silver. 

But the most delicate and satisfactory indication of hydro- 
cyanic add is the production of Prussian blue from it, by a 
process which is known as Scheele's test. If the liquid to be 
examined contains much organic matter, as the contents of the 
stomach in a case of poisoning, it is mixed with about one 
sixth of its bulk of oil of vitridl and distilled. The test is then 
applied to the distilled liquid. 

1. A few drops of protosulphate of iron are added to the 
liquid to be tested, with a slight excess of caustic potash so as 
to precipitate the oxide of iron. 

2. T)m alkaline liquid, after a few minutes^ exposure to air. 



CYANIDES, DOUBLE CYANIDES. 989 

to allow of the formation of some peroxide of iron, is made 
acid by the addition of hydrochloric acid, when Prussian blue is 
formed and precipitates. 

Hydrocyanic acid does not decompose carbonates, and may 
therefore be purified from other acids by distilling it from chalk. 
Bat die acid so distilled cannot be preserved without adding a 
trace of a mineral acid to it. 

Cyamdes, — Hydrocyanic acid forms a metallic cyanide and 
water with red oxide of mercury, oxide of silver and other me^ 
tallic oxides of which the metal has a feeble affinity for oxygen. 
The cyanides of these metals are not decomposed by dilute 
oxygen-adds, and resist for a long time the action of concen- 
trated and boiling nitric add. But the same cyanides axe 
decomposed very easily by sulphuretted hydrogen and hydro- 
chloric add. The cyanide of mercury is resolved when heated 
into metal and cyanogen, a portion of the latter remaining in 
the retort as paracyanogen, a black coaly matter, isomeric with 
cyanogen. Caustic potash is not neutralised by hydrocyanic 
add, bnt remains strongly alkaline, while the solution retains 
the odour of the acid. Hence it is doubted whether cyanide of 
potassium is then formed, and rather supposed that hydrocyanic 
acid unites- directly with oxide of potassium. But the solid 
cyanide of potassium, when dissolved in water, has the same 
characters as the preceding solution. Cyanide of potassium 
dissolves the metalfic cyanides insoluble in water, forming 
double salts, and then acquires stability. Cyanide of potassium 
is decomposed when heated with a solution of caustic potash ; 
the cyanogen of the former salt, uniting with the elements of 
water, is converted into formic add and ammonia : 

K,NC3 and 4HO=KO+C2H03 and NH3. 

The insoluble cyanides of all the non-alkaline metals may be 
obtained by adding hydrocyanic add to an acetate of the 
metal. 

DOUBLE CYANIDES. 

The soluble cyanides of potassium and sodium dissolve all the 
insoluble cyanides of the metals proper, and form double com- 
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poands, generally crystallizable, which are not decomposed or 
modified by alkaline carbonates nor metallic chlorides. 

Protocyanide of irofij FeCy, with certain other cyanides, 
comports itself in a peculiar manner with other metallic cya- 
nides and also with hydrocyanic acid. The cyanide named in 
combination with two equivalents of cjranide of potassium, 
FeCy+2KCy, forms a neutral salt, ferrocyanide of potasmun, 
(page 450), which is not poisonous, gives no hydrocyanic acid 
with sulphuric add at the ordinary temperature, while its iron 
is not precipitated by an alkali or alkaline carbonate ; or in this 
compound the properties of both a cyanide and salt of iron 
entirely disappear. If the potash of this double salt is precipi* 
tated by tartaric acid, a new double cyanide is formed, highly 
acid and crystallizable, containing protocyanide of iron with 2 
equivalents of hydrocyanic acid, FeCy+2HCy, known Bsferro- 
cyanic acid, or fsrrocyanide of hydrogen. On the view of tiie 
constitution of these salts proposed by M. Liebig, they contain 
a bibasic salt-radical ferrocyanogen FeCy,, in combination, with 
2K in the first, and with 2H in the second. Ferrocyanide of 
kad, SPb^FeCy,, is a white precipitate with a shade of yellow, 
formed on adding ferrocyanide of potassium to a salt of lead. 
Ferrocyanide of copper, Cu^jFeCyj, a reddish brown precipitate, 
insoluble in dilute acids, formed on adding ferrocyanide of potas- 
sium to a salt of black oxide of copper. Sesquiferrocyanide oftroit 
or Prussian blue, Fe^^sYeCj^, is precipitated on adding the same 
soluble ferrocyanide to a persalt of iron (page 564). With a 
protosalt of iron, a greenish white precipitate is produced, which 
according to Berzelius, is a double ferrocyanide of potassium 
and iron, K.Fe3,2FeCy3 (page 557). 

Sesquicyamde of iron, Fe^Cyj, in combination with other 
cyanides, forms another class of compounds, analogous to the 
preceding. With 3 equivalents of cyanide of potassium, (FcjCy, 
+3KCy,) it forms the redprussiate of potash, or ferricyanide of 
potassium, K3,Fe3Cy5 (page 450). With 3 equivalents of hydro- 
cyanic add, FeCy3 + 3 HCy, it iovms ferricyanic add ox ferrin 
cyanide of hydrogen, H3,Fe2Cy5 ; it is obtained by decomposing 
the insoluble ferricyanide of lead by sulphuretted hydrogen. 
The ferricyanide of potassium produces with a protosalt of iron, 
ferricyanide of iron, Fe^Te^Cj^ a beautiful variety of Prussian 
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blue (page 557)* The same alkaline ferricyanide does not dis- 
turb a persalt of iron. 

Sesqtiicyanide o/cobali, C03C73, forms with other cyanides a 
dass of double salts strictly analogous to the immediately 
preceding class, and which are represented as compounds of 
a tribasic salt-radical, cobaUiqfanogen, Co^Cy^, or as cobalti- 
cyanides. Cobaltiq/anide of potassium, KgyCosCyg was dis- 
covered by L. Gmelin, and is prepared by heating slightly a 
mixture of protoxide of cobalt, or its carbonate, with a solution 
of potash supersaturated with hydrocyanic acid ; hydrogen is 
disengaged with a slight effervescence, and the solution when 
evaporated, funiishes the salt in question in reddish-yellow 
crystals, which require to be purified by a second crystalliza- 
tion. It is isomorphous with ferric3ranide of potassium. 

Sesquicyanide of manganese, Mn^Cys, appears also to form 
with other cyanides a similar class of salts (page 534). 

Sesquicyanide of chromium, Cr^Cys, appears to exist in a 
class of double cyanides of the same type* 

Chromocyanide of potassium, K^firjiij^, is formed when a 
mixture of hydrated oxide of chromium with a solution of hy- 
drate of potash to which an excess of hydrocyanic acid has 
been added, is allowed to evaporate spontaneously in air. The 
liquid acquires a reddish-brown colour, and deposits yellow crys- 
tals, which have a similar form and composition with ferri- 
cyanide or cobalticyanide of potassium. (Boeckmann). 

Bicyamde of platinum, l^Cj^ is considered by Liebig as 
existing, as a radical, in a series of platinum compounds, dis- 
covered by M. Doebereiner. This salt-radica? is monobasic. 
Platinocyamde of potassium, K,VtGj^-{-SliO, is formed on ex- 
posing to a heat approaching redness a mixture of equal parts of 
platinum sponge and dried ferrocyanide of potassium. A solu- 
tion of the heated mass affords first, when evaporated, crystals 
of ferrocyanide of potassium, and then of platinocyanide of 
potassium. The latter crystallizes in thin elongated rhomboidal 
prisms, which are blue by reflected and yellow by transmitted 
light. Its solution does not precipitate nitrate of lead, but 
nearly all the other metallic salts. Platinocyamc izcid or pla- 
tinocyanide of hydrogen, II,PtCy2 is obtained by decomposing 
die platinocyanide of mercury suspended in water by a stream 
of sulphuretted hydrogen gas. It crystallizes in a confused 
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mass, of which the faces reflect a copper lustre ; its soladion is 
strongly acid. 

COMPOUNDS OF CYANOGEN WITH OXYGEN. 

Cyanogen forms the three following isomeric acid compounds 
with oxygen : 

Cyanic acid . . . HO,Cy O , 
Fulminic acid . . 2HO,Cy202, 
Cyanuric acid . . 3H0>Cy3O3. 

Cyanic acidj HO+CyO. This acid is formed when cyanogen 
gas is dissolved in a solution of caustic potash, or passed over 
carbonate of potash heated to redness ; also when ferrocyanide 
of potassium in a fine powder is ignited in a shallow iron vessel, 
with stirring and exposure to air at a low red heat. It does not 
exist except in combination. The hydrated acid was prepared 
by Woehler by distilling dry cyanuric acid, and collecting the 
product in a receiver surrounded by ice. 

It is a transparent very volatile liquid, of a pungent odour, 
highly corrosive, miscible with water. Soon after its preparation 
this liquid spontaneously undergoes a very extraordinary 
change ; it is converted with the evolution of heat into a white 
solid matter, cyameUdey having the same composition in 100 
parts, but insoluble in water and dilute acids, dissolved by 
caustic aikali, with the formation of ammonia, a cyanate and 
cyanurate of the' alkali. The probable formula of cyamelide is 
NH+C2O2 (Liebig). Cyanic acid in solution reddens litmus at 
first, but is soon transformed into bicarbonate of ammonia, by 
uniting with tJie elements of 2 atoms of water : 

HO+C2NO and 2HO=NH3,C204. 

Cyanaies^ — ^The alkaline cyanates are soluble, all the others 
are insoluble. They are recognised by the decomposition of 
their acid, whieh occurs soon after it is liberated by another 
acid. Ammonia forms two compounds with cyanic acid ; one 
which contains more ammonia than belongs to a neutral salt is 
produced when the acid vapour and dry ammoniacal gas are 
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mixed together^ and forms a white wooUy crystalline sabetance. 
This cyanate affords ammonia when treated by an alkali^ and its 
acid undergoes the usual decomposition when liberated by ano*- 
ther add. But if heated, either dry or in solution, it loses a 
little ammonia, still retaining, however, the elements of a neu^ 
tral cyanate, and is transformed into urea, a change the more 
remarkable that urea is a substance belonging to the animal 
economy. 

Urea or anormal cyanate of ammonia, C^O^ijil^^=^CJ[y^ 
+2NH^ (Dumas). This substance, discovered by Vauquelin 
and Fourcroy in urine, was obtained from cyanic acid and am*- 
monia by Woehler, and is the first peculiarly organic product 
which was formed artificially. It exists in the form of lactate 
of urea in human urine, and combined with hippuric acid in the 
urine of the cow and elephant (Cap and Henry). Urea 
eombines with most acids without neutralising them, and is a 
feeble base. 

The following is an advantageous process for urea from 
human urine, without the use of alcohol. Fresh urine is evapo^ 
rated in a water-bath to about ^ or ^^ of its volume, allowed to 
cool and filtered^ Oxalic acid is taken in the proportion of 
about half an ounce to each pint of urine employed, dissolved 
in twice its weight of hot water, and the solution slowly added 
with continual agitation to the concentrated urine ; a large pro-^ 
duction of a buff-coloured precipitate results, which is oxalate 
of urea. The impure oxalate, when quite cold, is collected on a 
laige calico filter^ slightly washed wi^ a cold solution of oxalic 
acid, and pressed in the hands as strongly as possible, to get 
rid of the mother liquor containing salts, &c The solid mass 
of oxalate of urea is next dissolved in hot water in a capacious 
vessel, and neutralised with chalk (whiting) rubbed up with 
water to a thick cream« So soon as the acid reaction to test- 
paper ceases, the whole may be thrown on a filter to drain, and 
squeezed to avoid unnecessary loss. On digesting the solution 
with animal charcoal, again filtering and concentrating, without 
ebullition, to a small bulk, crystals of urea are deposited on 
cooling ; these have a brownish colour and disagreeable smell, 
but by a second solution in warm water, with the addition of a 
littie more bone-black and filtration^ the substance is obtained 
snow-white and inodorous. The urea obtained in this manner 

2 T T 
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burns without sensible ash, and its solution is not troubled by 
a salt of lime. In the latter part of the evaporation of the first 
impure solution of urea filtered from the oxalate of lime, inso* 
luble oxalate of Ume separates in crusts upon the surface, which 
must be removed bv filtration. 

Or, nitrate of urea may be formed by adding to the concen- 
trated urine in a shallow bason an equal bulk of nitric acid of 
1.42, taking care by the gradual mixing of the acid and placing 
the bason in cold water, to prevent any considerable elevation 
of temperature. This precaution is necessary^ for the urine 
contains chlorides, which when decomposed by the action of 
nitric acid and heat, produce chlorine and nitrous acid, bodies 
which re-act injuriously upon urea. The impure nitrate of urea 
which crystallizes is washed several times with dilute nitric acid, 
and then dried by placing it upon a clean porous brick or tile, 
which imbibes the acid liquor. It is redissolved and discoloured 
by means of animal charcoal, crystallized again, and the solu- 
tion of colourless nitrate of urea treated with carbonate of 
barytes or carbonate of potash till perfectly neutralised. The 
nitrate of barytes or nitrate of potash crystallizes first firom the 
concentrated solution at a low temperature, and the urea after- 
wards from the mother liquor of those crystals. The urea may 
be purified from any adhering salt by solution in alcohol and 
crystallization from that liquid. 

Urea may also be prepared in large quantity by decomposing 
the insoluble cyanate of lead with ammonia or its carbonate. 

Urea crystallizes in colourless, flattened, four- sided prisms, 
is soluble in its own weight of cold water, in 4 or 5 parts of 
cold alcohol, and in 2 parts of boiling alpohol ; it fuses at 248". 

The taste of its aqueous solution is cooling, like that of nitre, 
acrid and bitter. It is persistent in dry air, but deliquesces in 
damp air. At a high temperature it undergoes deccnnpo* 
sition and produces ammonia, cyanate of ammonia, and 
solid cyanuric acid. Alkalies give no indicati<m of am- 
monia in a cold solution of urea, nor is cyanic acid precipi- 
tated firom it by the metallic salts. The latter add, however, 
is revived when a solution of urea is evaporated with nitrate of 
silver, cyanate of silver being deposited in a crystalline stat^ 
and nitrate of ammonia remains in solution. When urea is dis- 
solved in fused potash or in concentrated and boiling sulphuric 
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acid, it assumes the elements of 2 atoms of water, and is con- 
verted into carbonie acid and amifionia. 

Nitrate of urea is soluble in 8 parts of cold water. • It con- 
nsts of single equivalents of urea, nitric add and water. 
(Regnaolt). 

Oxalate of Mxesi crystallizes in long thin prisms, which are 
much less soluble in water than the nitrate, and have an acid 
taste, lliis salt also contains an atom of water. From the 
oxalate of urea, compounds of urea with other acids may be ob- 
tained, by precipitating the oxalic acid w^h a neutral salt of 
lime of the other acid, and thus the hippurate, lactate, sulphate, 
&C. have been formed and crystallised by MM. Cap and 
Henry. 

FUU^INIC ACID. 

Formula of the acid supposed anhydrous : C4N202=Cy20j. 

Fulminic acid exists in certain fulminating compounds of 
silver and mercury, discovered by Mr. Howard, but its true 
nature was first ascertained by Gay-Lussac and Liebig. Tlie 
acid is bibasic; it undergoes decomposition when separated 
from bases by a stronger acid, into hydrocyanic acid and other 
products. Fulminic acid is formed by the action of an excess 
of nitric acid and alcohol upon nitrate of silver or nitrate of sub- 
oxide of mercury. A variety of products result from the mutual 
action of nitric acid and alcohol, including nitrous acid ; 2 atoms 
of which with 1 atom of ether are resolved, in contact with 
oxide of silver or mercury, into water and fulminic acid, the last 
combining with the metallic oxide : 

Nitrous acid. Ether. Fulminic acid. 

NjOe and C4H60=C4N302 and 5HO. 

Fulminate of silver is also immediately formed and predpitated 
on transmitting the vapour of nitrous acid through a saturated 
solution of nitrate of silver in alcohol. 

fkdmtfMtes. — ^The salt of waboxide of mercwry is prepared by 
dissolving 1 part of mercury in 12 parts of nitric acid of 1.36, 
by a gentle heat; then adding 1 1 parts of alcohol of 0.848, and 
heating by a water-bath. A violent reaction soon occurs, with 

2 T T 2 
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the escape of nitrous ether vapour, and precipitation of metallic 
mercury ; and soon fulminate of mercury is deposited in white 
opaque granular crystals, which may be washed when oool, 
and dried at the ordinary temperature. This salt crystallizes 
from boiling water in fine, silky needles, and may thus be de* 
prived of the free mercury with which it is accompanied. Ful- 
minate of mercury detonates violently by percussion,- or when 
rubbed between hard bodies ; in the flame of a candle it deflar 
grates with a feeble explosion. Mixed intimately with 6 times 
its weight of saltpetre, it forms percussion powder, which is 
introduced in the state of a paste with water, into the copper 
capsules used with fire-arms. Fulminate of sUver is prepared 
like the salt of mercury, but with about twice as much alcohol. 
It detonates even more violently by percussion than the salt of 
mercury, and also by heat. This fulminate is deprived of only 
half its base by an alkali, and a salt formed containing 1 atom 
of alkali and 1 atom of oxide of silver as bases. Nitric acid 
throws down an acid fulminate of silver, containing an atom of 
water as the second base ; it is crystallizable and more soluble 
than the neutral salt. The action of hydrochloric acid upon 
fulminate of silver is attended with the formation of an acid 
containing chlorine, chlorocyanhydric acid, of which the proba* 
ble composition is Hs + C^NCl^ (6ay-Lussac and Liebig). 

CYANURIC ACID. 

Formula of the acid crvstallized from water: 3HO^Cy303 + 
4HO. 

Cyanuric acid was discovered by Scheele and examined by 
SeruUas, but its true constitution was first ascertained by Liebig 
and Woehler. It is formed in a variety of circumstances ; in 
the decomposition of urea by heat, the distillation of uric acid, in 
the decomposition of the solid chloride of cyanogen by heat, &c. 
M. Liebig recommends its preparation firom Melam (p. 1000). 
A portion of melam is gently warmed in a Uttle strong sulphuric 
acid until dissolved ; the acid liquid is poured into about 30 
parts of water, and boiled in a flask, with the occasional addition 
of water for four or five days, till the liquid no longer gives a 
precipitate of ammelide witii ammonia. By evaporation the 
fluid gives brown crystals of cyanuric acid, which may be made 
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colourless by repeated crystallissation, or when this faib by dis- 
solving in concentrated sulphuric acid and precipitating by 
water. The white precipitate by water gives colourless crystals 
of cyanuric acid from a solution in boiling water. In this pro- 
cess, melam on dissolving in sulphuric acid is transformed into 
ammonia and ammelide, and the last in contact with the acid 
diluted with water is resolved into ammonia and cyanuric acid, 
as expressed in the following equations : 

Melam. Water. AmmeHne* Ammenia. 

C,aN„H, and 6HO=^C,aN,H80j and 2NH3. 

Ammellne. Cjranniic add. Ammonia. 

C,2Nj,Hj^Oe=C,jNe06 and 5NH3 

Cyanuric add has a feeble acid taste, is slightly soluble in 
cold water and dissolves in 24 parts of boiling water. The 
crystals from water are oblique prisms of a rhombic base ; they 
contain 4HO,. which they lose in air at the ordinary temperature. 
Cyanuric acid is obtained anhydrous and crystallized, firom a 
concentrated and boiling solution in nitric or hydrochloric acid. 
One atom of cyanuric acid is decomposed by dry distillation and 
resolved into 3 atoms of hydrated cyanic acid, of which it con- 
tains the elements. It dissolves with the aid of heat in the 
concentrated mineral acids, without decomposition, but is 
decomposed by continued boiling with the formation of carbonic 
acid and ammonia. 

CyanurateB. — In these salts the three atoms of water of the 
hydrate of cyanuric acid are replaced in whole or in part by 
metallic oxides. They are all completely decomposed, and their 
acid Uberated by nitric and hydrochloric acids. 

Gaseous chloride of cyanogen^ CyCl, is most conveniently 
prepared by passing chlorine in excess into an aqueous solution 
of hydrocyanic acid, and expelling the chloride of cyanogen by 
a gentle heat. It is a gas at the ordinary temperature having 
an insupportable^ penetrating odour, and provoking tears. At 
0® Fahr.^ it crystallizes in long needles like spiculee of ice. It 
undergoes a metamorphosis if confined liquid in a tube, and 
deposits the solid isomeric chloride of cyanogen (Persoz). It 
combines with ammonia, as CyCl+2NH3. 
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8oRd chloride of cyanogeny CygClj, corresponds in oonstitatioH 
with cyanuric acid ; it is formed when a mixture of dry chlorine 
and hydrocyanic acid is exposed to the direct rays of the sun* 
it is white and sublimes in diaphanous needles. When 
digested in hot water, it is resolved into hydrochloric and cya- 
nuric acids. It combines also with ammonia, as Cjfil^-^ 
8NH3. 

Bromide of cyanogeny CyBr, erystallizes in cubes, but is 
gaseous at 59®. 

Iodide of cyanogeny Cyl, forms snowy flocks, white and 
crystalline, which volatilise at 113®. 

SULPHOCYANOGEN. 

Its formula as it exists in combination is CyS, ; or it is the 
bisulphuret of cyanogen. 

When chlorine is transmitted into a strong solution of sulpho- 
cyanide of potassium, a solid matter of a fine yellow colour is 
precipitated which was considered as sulphocyanogen, but has 
been shown, by Mr. Pamell, to be different, and named meta- 
sulphocyanogen. Sulphocyanogen, as it exists in the sulpho- 
cyanide has not yet been isolated. 

Hydrosulphocyanic acidy H 4- CySj is obtained by decomposing 
the basic sulphocyanide of lead by dilute sulphuric acid, and com- 
pleting the decomposition by sulphuretted hydrogen. It is a co- 
lourless liquid of a sour taste, which spontaneously resolves itself 
in air into several products. It has not been obtained anhydrous. 
It colours red the solution of a persalt of iron ; it is not 
poisonous. 

Sulphocyanides. — ^The preparation of sulphocyanide of potas- 
sium has already been described (page 452). The neutral 
sulphocyanide of lead is deposited in yellow opaque and bril- 
liant crystals, on mixing concentrated solutions of acetate of 
lead and sulphocyanide of potassium. The basic sulphocyamde, 
PbjCySj + PbO, on throwing the neutral salt into boiling water, 
or on adding the tribasic acetate of lead to sulphocyanide of 
potassium. It is a yellowish white crystalline powder, insoluble 
in water. 
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PRODUCTS OF THE DECOMPOSITION OF SULPHOCYANOGEN. 

Metasulphocyanoffen, Cj^NgSi^HgO (Pamell). This is the 
yeDow substance precipitated by the action of chlorine on 
sulphocyanide of potassium in solution, with formation of 
chloride of potassium. It is also formed by the action of nitric 
acid upon the same salt. Metasulphocyanogen dissolves entirely 
in a solution of caustic potash. An acid added to this solution 
throws down a lemon yeUow precipitate, with a small quantity 
of a black matter, which has not been fully examined. The 
yellow substance is the hydrotMocyamc add .of Mr. Pamell, of 
which the probable formula is CioN58i2H60a=H4,Cy5Si2+ 
2HO. The neutral thiocyanides contain 4 atoms of metal in 
the place of H4, and when insoluble are yellow^ while the 
thiocyanides combined with metallic oxide are black.* 

Mellony CeN4 (page 428). This is the fixed residue which 
remains as a yellow powder, on heating dry metasulphocyanogen 
to low redness in a glass fladc, sulphur and bisulphuret of 
carbon being volatilised at the same time. It was discovered 
by M. Liebig, who supposed 4 atoms of sulphocyanogen 
(CgN^Sg) to be resolved into 1 atom of mellon (C^NJ 4 atoms 
of sulphur (4S) and 2 atoms of bisulphuret of carbon (0284). 
But Mr. Pamell has observed the appearance in the decomposi* 
tion of metasulphocyanogen, of water, sulphuretted hydrogen, 
and hydrosulphocyanic acid, in addition to the products above. 
He supposes three equivalents of metasulphocyanogen to be 
resolved into four of mellon, C^^Njg ; two of hydrosulphocyanic 
acid, S4C4N2H2 ; four of sulphuretted hydrogen H4S4 ; eight of 
bisulphuret of carbon, CgS^^ ; twelve of sulphur S129 and three 
of water H3O3. 

Mellon is insoluble in water, alcohol, and dilute acids; is 
decomposed at a bright red beat into three volumes of cyanogen 
and 1 volume of nitrogen. It is a salt-radical, combining 
directly with potassium, with ignition and formation of meUani(k 
of potasHum ; with hydrogen it forms hydramellonic acid, 

CyanUic add, CgNgHjO^ (Liebig). Mellon is decomposed by 
the prolonged action of boiling nitric acid, with disengagement of 

• Philosopb. Mag. 3rd. Scriei, toI. 17, p. 249. 
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gas, and the liquid yields on evaporation, colourless, anhydroaa 
octohedrons of cyanilic acid, which has the saoie compontion 
as cyanuric acid, and also crystallizes from water with 4HO. 
The nitric acid after its action on mellon contains ammonia; it 
is the only acid which causes mellon to undergo this transfor* 
mation. 

Boiling potash ley dissolves mellon with evolution of ammonia 
and formation of a salt in white needles, which has not been 
sufficiently examined. 

Uydro-persulphocyanie acidj CjS^H (Woskresensky ;) a 
yellow matter insoluble in water, formed when sulphocyanide of 
potassium heated to fusion is exposed to a stream of dry hydro- 
chloric acid. It is soluble in boiling alcohol. 

Melanij Ci^^jH^ (Liebig), one of the products of the de- 
composition by beat of sulphocyanide of ammonium. It is most 
conveniently prepared by heating a mixture of dry sulphocya- 
nide of potassium with twice its weight of sal ammoniac in a 
porcelain bason, above 350® or 400% by a charcoal diauffer. 
Ammonia, sulphuretted hydrogen and bisulphuret of carjbon go 
off, and melam remains mixed with chloride of potassium, from 
which it may be separated by washing with pure water. Melam 
is a greyish white powdei, not crystalline, insoluble in water, 
alcohol, and ether. It is decomposed by heat into mellon and 
ammonia. 

Melamine, C^fJ^H^ (Liebig) ; a salifiable base formed by dis- 
solving melam in 1 part of hydrate of potash dissolved in 20 
parts of water ; the mixture being kept in ebullition till the 
turbid liquor becomes perfectly clear. One atom of melam with 
2 atoms of water are then resolved into 1 i^m of melamine 
and 1 atom of ammeline. Melamine is deposited from the con- 
centrated solution on cooling in anhydrous rhomboidal octohe- 
drons, transparent, colourless or tinged slightly yellow. It is 
very slightly soluble in cold water, dissolves to a greater extent 
in boiling water, but its solution is very slowly effected ; it is 
neutral to test paper, insoluble in alcohol and ether. When 
dry melamine is strongly heated, the greater portion of 
sublimes without decomposition. Melamine forms crystallisable 
salts on combining with dilute adds. 

Ammeline^ CeN^HgOj (Liebig). The alkaline solution above, 
from which melamine crystallines, still contains ammeline dis^ 
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solved in caustic potash^ from which it is obtained, on neutralis- 
ing with acetic acid, as a gelatinous white precipitate, this is 
washed and then redissolved in dilute nitric aci^ ; the solution 
gives by evaporation crystals of pure nitrate of ammeline, 
from which, dissolved in water, pure ammeline is precipitated 
by carbonate of ammonia. It may also be obtained by dissolv- 
ing melam in dilute and boiling hydrochloric acid. 

Ammeline forms very fine brilliant silky needles ; is insoluble 
in water, alcohol, and ether, but dissolves in caustic alkalies. 
Ammeline is a feeble base and combines only with the more 
powerful acids. Its salts are crystalline, have an acid reaction, 
and water precipitates ammeline from them. 

AmmeUde^ ^is^g^aQe (^^^^^S)' is a product of the decompo- 
sition of melam, melamine, and ammeline by concentrated acids. 
The solution is treated with alcohol, and the precipitate of afn- 
melide washed with cold water. It may be purified by solution 
in nitric aidd and precipitation by carbonate of ammonia. It is 
a white powder insoluble in water, alcohol, and ether ; soluble 
in alkalies and the stronger acids. It forms a crystalline com- 
pound with nitric acid, which is decomposed by water. When 
long boiled in dilute nitric or sulphuric acid, ammelide is com- 
pletely decomposed and converted into ammonia and cyanuric 
acid. 

HydrosulphwreU of cyanogen. — Dry sulphuretted hydrogen 
and cyanogen do not combine when mixed together over 
mercury, but if a drop of water is added, the gases are con- 
densed in the water, which affords thin yeUow crystals by 
evaporation, observed by 6ay-Lussac, of which the com- 
position is C4N2H3S3 ; or an allantoin, in which the oxygen is 
replaced by sulphur (Voelckel). When a stream of sulphuretted 
hydrogen is conducted into an alcoholic solution of cyanogen, 
the liquid soon becomes yellow, and deposits fine orange red 
crystals, when artificially cooled, discovered by Wcehler, of 
which the composition is CjNHS + HS ; its compound with lead 
CaNHS + PbSCVcelckel). 

Sulphocyanhydric add and sulphuretted hydrogen. — A com- 
pound acid of these acids was obtained by Zeise, as one 
of the products of the reaction between gaseous ammonia and 
the bisulphuret of carbon in alcohol. Its empirical formula is 
CySjHj 
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URIC ACID AND THE PRODUCTS OF ITS DECOMPOSITION. 

• 

These form a well defined class of compounds^ which appear 
from their analysis to contain cyanogen and carbonic oxide. 
M. Liebig connects the different members of the class by- 
supposing them to contain a compound radical in common^ 
uriky which is itself a combination of 2 atoms of cyanogen and 
4 atoms of carbonic oxide. Urile, 2Cy-|-4CO=C8N204, being 
indicated by Ul^ then the compounds are represented by the 
formulae : — 

Empyrical 
Rational formulae. formute. 

2U1+ 1 atom urea =Uric acid =C,QN4H40e 

2Ul4-Oa+4HO =AUoxan =Ce N^H^Oio 

2U1 + O + 5HO =AUoxantin=C8 N^HfiOio 

2U1+ 1 atom ammonia +2HO=Uramile =€3 NgHgOs 

URIC ACID. 

Formula, CjoN^H^Og, or 2Ul + (CaOa+2NHa). An acid 
which exists in the urine of all carnivorous animals, and forms 
the basis of most urinary concretions. It forms in combination 
with ammonia, the white part of the excrement of birds ; and 
vast accumulations of that urate exist in the guano^ or decom- 
posed excrement of aquatic birds, by which many of the small 
islands on the coast of Peru and Chili are covered, and which 
is used as manure. 

Uric acid is conveniently prepared from the chalkJike excre- 
ment of serpents. The solid urine of the Boa is reduced to 
fine powder and added to a boiUng and very dilute solution of 
potash, sufficient only for the solution of a portion, and ebulli- 
tion continued until the undissolved mass appears quite white. 

The whole is then allowed to cool, thrown upon a calico filter, 
and washed until the water passes off very nearly colourless. 
The washed white mass, which consists of urate of potash, is 
next dissolved in another portion of caustic alkali, filtered, and 
slowly added to an excess of dilute hydrochloric acid maintained 
in a state of ebullition. The uric acid which precipitates, may 
be washed first by decantation, and afterwards more completely 
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on a filter, and is obtained perfectly white. From the brown 
liquid filtered fix)m the urate of potash, an additional quantity 
of uric acid may be obtained by supersaturation with hydro- 
chloric acid, but the product has a brownish colour. 

Uric add crystallizes in thin scales of a silky lustre and 
brilliant whiteness, is inodorous and insipid, loses nothing at 
212*. This acid is nearly insoluble in cold water, requiruig, 
according to Rrout 10,000 parts of water at 60** for solution, 
and but slightly soluble in hot water ; its solution has a feeble 
reddening effect upon litmus. It is insoluble in alcohol and 
ether. It dissolves in concentrated sulphuric acid, and is ac^ain 
thrown down on dilution with water. It is also more soluble 
in concentrated hydrochloric acid than in water. In nitric acid, 
uric acid dissolves with lively effervescence, the gases disengaged 
being carbonic acid and nitrogen in equal volumes. The solu- 
tion contains alloxan, alloxantin, urea, parabanic acid and 
ammonia. The concentrated liquor becomes of a purple red 
(firom murexide), when an excess of ammonia is added, affording 
a character by which uric acid may be recognised. (Liebig). 

Urates. — Metallic oxides appear to combine with uric acid 
without displacing the basic water of the acid which remains 
in the salt. The urates of the alkalies and alkaline earths are 
sparingly soluble in cold, but more freely soluble in boiling 
water. Urate of ammonia dissolves, according to Dr. Prout, 
in 480 parts of water at 60**. Urate of potash forms crystalline 
scales soluble in about 500 parts of cold water, but is much 
more soluble in boiling water, especially if there be an excess of 
alkali present. All the urates are decomposed by acetic acid. 
Urate of soda forms the principal constituent of gouty con- 
cretions. 



ALLAKTOIN. 

Formula: C4H3N2O3, or Cyg+3HO (Liebig and Woehlcr). 
This is a crystalline substance found in the allantoic fluid of 
the cow, and produced artificially by boiling uric acid with the 
puoe-coloured oxide (peroxide) of lead. It is deposited from 
the allantoic fluid of the cow when ccmcentrated by a gentle 
heat to one-fourth of its bulk, upon cooling, in crystab, whidi 
are treated with animal charcoal and obtained perfectly pure. 
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In the artificial process for allantoin, 1 part of uric acid is 

boiled in 2 parts of water, and the puce oxide of lead added in 

small qualities so long as it changes colour. The liquid, filtered 

boiling, and concentrated by evaporation, deposits allantoin 

in crystals, which are purified by repeated crystallizations. In 

the formation of allantoin, Q atoms of the puce oxide of lead 

lose the half of their oxygen, which, with 3 atoms of water, 

produces 2 atoms of oxalic acid, i atom of allantoin and 1 
atom of urea : 



2PbO 



C4O4+N2C4 =lat. Urile 1 , , . ., 
4 O, H303+lat.Urea |=l at. unc acid. 



2 atoms of oxalate of lead + 1 at. of allant. + 1 at. of urea. 

Allantoin crystallizes in brilliant colourless prisms derived 
from a rhombohedron. It is tasteless, neutral to test paper, 
soluble in 160 parts of cold and in less boiling water. It dis- 
solves in nitric acid ; the solution is decomposed by ebullition, 
without the disengagement of ruddy fumes. It abo dissolves 
in a hot solution of an alkali or alkaline carbonate, and crystal- 
lizes from these solutions without change. Allantoin contains 
the elements of anhydrous oxalate of ammonia, minus 3 atoms 
of water, which explains its conversion by boiling alkalies into 
oxalic acid and ammonia. A solution of allantoin in 
water at the boiling temperature, to which a few drops of 
ammonia is added, gives a white precipitate with nitrate of 
silver, of which the composition is expressed by CgN4H505 + 
AgO that is, 2 atoms of allantoin, CgN^HgO^, in which 1 atom 
of water is replaced by 1 atom of oxide of silver. Allantoio 
has also been named allantoic acid. 

ALLOXAN. 

Formula, C8N2H40jj,. It is the erythric acid of Brugnatelli, 
and was discovered by Liebig and Woehler in the decomposi- 
tion of uric acid. 

They recommend for its preparation, to add uric acid 
gradually to nitric acid of 1.35, by which it is dissolved with 
effervescence. " The action must be gentle, and, if heat be 
applied, it must be done caxitiously. As soon as crystals b^in 
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to appear in the warm liquid, no more uric acid is added for 
the present, and the whole is allowed to cool, when it becomes 
semi-solid firom the separation of crystals of alloxan. The mass 
is thrown on a funnel stopped With a little asbestos, and, when 
it has ceased to drop, the acid liquor remaining in the crystals 
is carefully displaced by a little ice-cold water. The crystals are 
purified by solution in water, avoiding a strong heat, and by 
recrystallization. The acid liquid which has drained from the 
first crystals is again treated as above with uric acid, and in 
this way one portion of nitric acid may be made to yield 4 to 5 
drops of crystals of alloxan. The mother-liquor finally left is 
not lost but yields a large quantity of parabanic acid, oxalurate 
of ammonia, or murexide, if properly treated. By this process 
Gregory obtains, from 100 parts of uric acid, 65 parts of anhy- 
drous alloxan equal to at least 90 of the hydrated crystals.'^ 
(Turner's Elem. of Chem. by Liebig and Gregory). 

Alloxan crystallizes in large colourless octohedrons of a rhom- 
bic base« having considerable lustre ; they contain 6 atoms of 
water and are efflorescent. A saturated hot solution gives 
alloxan on cooling in oblique rhomboidal prisms, which are 
anhydrous. It is very soluble in water, reddens vegetable 
colours and stains the epidermis purple. It is converted by the 
action of acids into alloxanic acid, and when boiled with an 
alkali, it is transformed into urea and mesoxalic acid. The puce 
oxide of lead changes it, with the aid of heat, into urea and 
carbonate of lead, mixed with some traces of oxalate of lead. 
It is transformed into alloxantin by sulphuretted hydrogen, by 
protochloride of tin, or by metallic zinc with hydrochloric 
acid. An excess of ammonia transforms it into mycomelinic 
acid, nitric acid into parabanic acid, sulphuric acid or hydro- 
chloric acid into alloxantin, sulphurous acid and ammonia 
into thionurate of ammonia, alloxantin and ammonia into 
murexide (Liebig). 

jiUoxanic acid (supposed anhydrous), C4N^H04 ; is produced 
by the metamorphosis of alloxan by caustic alkalies. The anhy- 
drous acid contains the elements of half an atom of alloxan 
minus 1 atom of water. 

Me$oxaUe add (hydrated), iHO + C^OgH; or rather, 2 HO 
+C3O4, is one of the products of boiling a saturated solution 
of alloxanate of barytes or strontian. Also, when a solution of 
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alloxan is poured drop by drop into a boiling solution of acetate 
of lead, agranular very heavy precipitate of mesoxalate of lead 
falls, while nothing remains in the acid liquor but the excess of 
acetate of lead and pure urea. Both this and the preceding 
acid may be separated and crystallized, and are powerful acids. 

Mycomelinic addf C^fNgHioOiQ, is formed on adding an 
excess of ammonia to a solution of alloxan, and raising the mix^'- 
ture to the boiling point. It is almost insoluble in cold water^ 
and is thrown down as a yellow gelatinous precipitate, which 
becomes a yellow porous powder on drying. 

Parabanic acidy 2llO-^C^'Sfi^ is one of the products of the 
decomposition of uric acid or alloxan by nitric acid, discoveTe4 
by Liebig and Wcshler. It is prepared by dissolving i part of 
uric acid or alloxan in 8 parts of nitric acid of ordinary strength^ 
evaporating the liquor to a syrup, and allowing it to crystallize* 

It forms thin, transparent, six-sided pHsms, of a very sour 
taste, resembling that of oxalic acid. It is very soluble in water 
and does not effloresce in the atmosphere nor by heat ; it is 
partially volatile. 

Oxahnric add, HO+CeN^HjOy, is formed on adding am- 
monia to a boiling solution of parabanic acid, or on supersatu* 
rating with ammonia a solution recently prep^ed of uric acid 
in nitric acid, which yields by evaporation crystals of oxaluiate 
of ammonia. The acid when separated is a brilliant white 
powder, light and crystalline ; its taste is very sour, and it red- 
dens litmus. Its aqueous solution is decomposed completely by 
ebullition, and resolved into oxalic acid and oxalate of urea* 
It is formed by the combination of the elements of parabanic 
acid with 2 atoms of water. The crystallized add contains lite 
elements of 2 atoms of oxalic acid and of I atom of urea, and 
may be considered as uric acid in which the urile is replaced by 
oxsJic acid. (Liebig)- 

Thionuric acidy HO -h CgNaH^OgCSjOg), is a bibasic acid pro- 
duced by the simultaneous action of sulphurous acid and am- 
monia upon alloxan. Liberated from thionurftte of lead by 
sulphuretted hydrogen, it crystallizes in very thin needles, is 
persistent in air, very soluble in water, and has an acid taste. 
It contains the elements of 1 atom of alloxan, 1 atom of am- 
monia and 2 atoms of sulphurous acid. On heating thionuric 
acid, 2 atoms of oxygen of the alloxan re-unite with 2 atoms of 
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sulphurons acid to form sulphuric acid^ while the elements of 
urile, ammonia and water combine and give rise to ura,mile. 

UramUey CgNjHgOg, is prepared by adding hydrochloric acid 
to a saturated and boiling solution of thionurate of ammonia, 
till it is strongly acid; the heat is continued till the liquid 
begins to become turbid ; it is then allowed to cool for crystal- 
lization. Uramile crystallizes in thin and hard tufts, or presents 
itself in the form of a brilliant white powder, composed of very 
thin silky needles. It is sparingly soluble in hot water, wholly 
insoluble in cold water, dissolves in ammonia and caustic alka- 
lies, and is again precipitated, without alteration, by acids. 
A solution of potash and dilute acids boiled upon uramile, con- 
vert it into uramilic acid, disengaging ammonia. The am- 
moniacal solution of uramile becomes purple-red in air, and 
deposits crystalline needles of a green colour and metallic lustre. 
In contact with oxide of mercury or oxide of silver, it is decom- 
posed, by ebullition, into murexide, and at the same time 
reduces the oxides to the metallic state. 

Uramilic acid^ CjgNgHjoOig, is prepared by dissolving thionu- 
rate of ammonia in cold water, adding to the saturated solution 
a small quantity of sulphuric acid, and evaporating by a water- 
bath; after a time uramilic acid is deposited in transparent, 
four-sided prisms of a vitreous lustre, or in silky needles. It 
is soluble in 6 or 8 parts of cold water, and in 3 parts of boiling 
water ; the solution is feebly acid. In the formation of uramilic 
acid 2 atoms of uramile unite with the elements of 3 atoms of 
water, yielding up at the same time the elements of 1 atom of 
ammonia. 

ALLOXANTIN. 

Formula: CgNjHjOio. Alloxantin was first observed by 
Dr. Prout among the products of the decomposition of uric acid 
by nitric acid, and more lately produced and studied by MM. 
Liebig and Wcehler. Several processes are given by the latter 
chemists for its preparation. 1. From uric acid. — One part of 
uric acid is boiled with 32 parts of water, and dilute nitric acid 
added by small portions at a time till the uric aci.d is completely 
dissolved, and the liquor evaporated to two-thirds. In the 
course of a few days, or sometimes a few hours, the alloxantin 
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is deposited in crystals, which are purified by new crystallisa- 
tions. 2. Prom alloxan. — It is produced in large quantity by 
carrying a stream of sulphuretted hydrogen into a solution of 
alloxan. Sulphur is first deposited, and then the whole 
becomes a thick mass of crystals of alloxantin, which are 
separated from sulphur by solution in boiling water. The 
alloxantin crj^stallizes by evaporation in a state of purity. 
8. On exposing a solution of alloxan to the action of the voltaic 
battery, oxygen is evolved at the zincoid, and alloxantin is de- 
posited on the chloroid in crystalline crusts. 

Alloxantin crystallizes in oblique prisms of four sides, which 
are Colourless or slightiy yellow, hard and easily reduced to 
powder ; they become red in air impregnated with ammonia and 
acquire a gteen metallic lustre. They are not altered at 
212% but at 302° (150*» centig.) lose three atoms of water j are 
sparingly soluble in cold water, more soluble in boiling water ; 
the solution reddens litmus. Alloxantin heated in chlorine- 
water, or in strong nitric acid, is changed into alloxan ; with 
salts of silver, it produces a black precipitate of metallic 
silver. It is decomposed by alkalies ; barytes-water produces 
in its solution a violet precipitate, which is made colourless by 
heat, and in the end disappears entirely. By the action of 
boiling sulphuric acid, 2 atoms of alloxan are converted, with 
the concurrence of 2 atoms of water, into 1 atom of alloxantin, 
3 atoms of oxalic acid, 2 atoms of ammonia, and 2 atoms of 
carbonic acid. 

The circumstances of the formation of alloxantin are thus 
explained by M. Liebig. By the action of nitric acid, the urile 
of the uric acid combines with 1 atom of oxygen and with the 
elements of 5 atoms of water, giving rise to 1 atom of allox- 
antin and to peroxide of nitrogen, NO^, which in contact with 
water is converted into nitrous and nitric acids; the nitrous 
acid is decomposed with half of the urea set at liberty, while 
the other half of the urea forms with nitric acid, nitrate of urea. 
In the process again with sulphuretted hydrogen, 1 atom of 
oxygen of the alloxan combines with hydrogen from the sulphu- 
retted hydrogen to form water which remains in the constitution 
of the alloxantin ; the sulphur set firee is deposited. 

Products of the decomposition ofalloxantin.'^Vfh&ci a stream 
of sulphuretted hydrogen is carried into a boiling solution of 
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ftUoxantin, more sulphur is deposited, and on saturating with 
ammonia a salt crystallizes in thin colourless needles, of which 
the formula is CgNjH^Og, which is considered a compound of a 
new acid, duduric add, with ammonia. This acid is resolved 
into new products when liberated by another add, one of these 
produced by exposure to air and evaporation of the solution of 
the ammoniacal salt in dilute sulphuric or hydrochloric acid, is 
dimorphous aUoxantin, a body having the same composition as 
alloxantin but a different form. On mingling boiling solutions 
of sal ammoniac and alloxantin, the mixture becomes suddenly 
of a purple red colour, then gradually loses its colour, becoming 
turbid, and deposits colourless brilliant plates of uramile, which 
become rose-red on drying. The liquid contains, after its de- 
composition, alloxan and free hydrochloric acid. When a 
solution of alloxantin is heated with caustic ammonia, uramile 
and mycomelinate of ammonia are first formed, but are decom- 
posed into other products by the prolonged action of ammonia 
and air. A recent solution of alloxantin in ammonia gradually 
absorbs oxygen from the air, and deposits crystals of oxalurate 
of ammonia. 

MUREXIDE. 

Formula: CiaNsHgOg (Liebig and Woehler). This beautiful 
product of the decomposition of uric acid was first described by 
Dr. Prout, under the name of purpurate of ammonia. Murex- 
ide may be formed by evaporating a solution of uric acid in 
dilute nitric acid, until the solution acquires a flesh red colour, 
allowing it to cool to 160% and then treating it with a dilute 
solution of ammonia, till the presence of firee ammonia is 
remarked by the odour ; the liquid is then diluted with half its 
volume of water and allowed to cool. It may also be formed by 
brining together many of the products of the action of nitric 
acid on uric acid, with ammonia, with or without the presence 
of atmospheric air. The following method, proposed by Liebig 
and slightly modified by Gregory, appears to be the easiest and 
most certain, and also most productive. 

*^ Seven grains of hydrated alloxan and 4 grains of alloxantin 
are dissolved by boiling in 240 grains of water, and the boiling 
solution added to 80 grains by measure of a cold and strong 

2 u u 
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solution of carbonate of ammonia. This mixture has precisely 
the proper temperature, and deposits very fine crystals of ma- 
rexide. The experiment is not so successful on a large scale, 
probably because the liquid^ by remaining longer warm, under* 
goes a partial change. It is best to try first a saturated solution 
in cold water of carbonate of ammonia. If it do not yield good 
crystals, add a little water, and try it again, and so on till a 
solution of the carbonate is obtained, which gives a good result. 
The difficulty is owing to the spontaneous formation of different 
carbonates by the action of water on the carbonate of the shops ; 
but when a proper solution is obtained, the experiment never 
fails." (Turner's Chem. &c. p. 776). 

Murexide crystallizes in short four-sided prisms, of which 
two faces, like tJie upper wings of cantharides, reflect a green me- 
tallic lustre. The crystals are garnet-red by transmitted light ; 
their powder is reddish brown, and acquires a green lustre 
under the burnisher. Murexide id but slightly soluble in cold 
water, but colours it of a magnificent purple ; it dissolves, how- 
ever, readily in water at 158^, and crystallizes again on the cool- 
ing of its solution ; it is insoluble in alcohol, ether, or in water 
saturated with carbonate of ammonia. But this substance can- 
not be purified or obtained in crystals of large size, by crystal- 
lizing it from boiling water. For on boiling murexide in a 
small quantity of water for the time necessary to dissolve the 
whole, the crystals become colourless, and upon cooling, a yel- 
low gelatinous matter precipitates. Hence, probably, the slight 
uncertainty which attends even the best process for the prepa- 
ration of this substance. Murexide dissolves in solution of 
potash, producing a superb indigo bhie colour, which disappears 
with the application of heat, ammonia being disengaged. All 
the inorganic acids decompose murexide, precipitating from its 
solution murexan in small brilliant plates. Sulphuretted hy- 
drogen decomposes it immediately into alloxantin, dialuric 
acid and murexan, while sulphur is set free. 

Murexan, C6N2H4O5, was named purpuric acid by Prout. It 
is formed on dissolving murexide with heat in caustic potash, 
heating till the blue colour disappears, and then adding an 
excess of dilute sulphuric acid. It crystallizes in colourless 
plates, which have a silky lustre and are very brilliant, is inso- 
luble in water and dilute acids } it dissolves in ammonia and 
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other alkalies, in the cold, without neutralising them. The 
properties of murexan closely resemble those of ajramile. Like 
uramile, murexan boiled with water, red oxide of mercury and 
a little ammonia, jrields murexide. The composition of mu- 
rexan and uramile, also, not differing much in 100 parts, Dr. 
Gr^ory admits it to be possible tliat these two substances may 
be essentially the same. 



CHAPTER XI, 
SECTION I. 

ORGANIC PROCESSES OF PLANTS AND ANIMALS. 

Without describing the structure of the organs of plants 
and animals, I may state shortly the principal observations 
which have been made respecting the food of plants and animals 
and the chemicid changes which it undergoes in the animal 
economy, with the relation which subsists between plants and 
animals. Besides secreting the lignin and cellulose which form 
the basis of their own solid structure, plants elaborate in their 
organs various substances destitute of structure, such as sugar, 
starch, gum, resins, essences, &t oils, and the endless variety of 
principles which tiie vegetable kingdom presents to the chemist 
for examination. These principles are either contained in the 
fluids of the plants or are stored up in particular organs, or are 
thrown off as excretions. 

The mode of formation of such principles in the plant and 
the chemical agencies by which one principle is transformed 
into another, have hitherto been very imperfectly traced, owing 
to the difficulty of the investigation occasioned both by the 
minuteness of the mechanism aud the obscure nature of the 
decomposing forces which appear to preside in organic changes. 
These forces, so far as we can judge, are chiefly of the catalytic 
dass, the azotised albuminous principles of plants having 
specially the function of ferments, which react generally upon 
other principles in the same manner, it may be supposed, 
as we observe diastase to operate during the germination of 
seeds in converting their starch into gum and sugar. Nature 
appears to have produced and placed near each principle its pe- 

2 u u 2 
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culiar ferment^ to effect the conversion of the former into new 
substances at the proper season. But the action of ferments is 
a department of chemistry still in its infancy. 

Food of Plants. — With the exception of the provision for 
the first growth of the young plant which exists in its seed, 
the food of plants appear to be exclusively inorganic. M. 
Liebig has ably shown that the humus or decayed vegetable 
matter which exists in soils is not absorbed and assimilated 
by plants — the extremely sparing solubility of that substance 
being manifestly incompatible with its absorption in any con- 
siderable quantity, while even if humus did enter plants, the 
presumption is that like a solution of gum or sugar absorbed 
by the roots, it would pass through the plants unchanged, and 
be excreted by the leaves. The admitted value of humus in 
soil appears to depend almost exclusively upon its decomposi- 
tion by the atmosphere, which is greatly assisted by tillage, and 
the formation of carbonic acid, which gas dissolved in water is 
taken up by the spongioles of the roots, and supplies the plant 
with carbon. 

The illtimate constituents of all plants are oxygen and 
hydrogen, carbon, nitrogen, with a small portion of mineral 
acids and bases in the form of salts ; and the condition in which 
the first mentioned substances enter the plant, adopting the 
conclusions of M. Liebig, are all the hydrogen^ and most of 
the oxygeuy as water, the carbon as carbonic acid, and the 
nitrogen as ammonia. All these matters are derived from the 
atmosphere. 

Water, or its elements in the proportions of water, enters 
largely into the constitution of vegetable matter, forming 50 
per cent of lignin, and an equally large proportion of the other 
neutral principles, starch, gum, sugar, &c. Certain hydro- 
genated compounds are also found in plants produced by 
the fixation of the hydrogen of water without its oxygen, which 
are employed by the plant for accessory purposes. They form 
the volatile oils which serve as its defence against the ravages 
of insects ; the fixed oils, or fats, which envelope the seed, 
and which serve to develope heat by burning at the period 
of germination ; and the wax with which the leaves and fruit 
are coated to render them impermeable to water. 

Carbonic Acid is found as a constituent of air in a proportion 



FOOD OF PLANTS, OF ANIMALS. 1013 

varying from 4 to 6 lO^OOOths. of its volume. Small as this 
quantity appears it is shown to exceed CQnsiderably in amount 
the whole carbon existing both in living vegetables and in the 
fossil state as mineral coal. The variation in the proportion of 
carbonic acid by night and by day, in winter and in summer 
is rightly judged by M. Dumas to be a simple meteorological 
phenomenon^ depending upon this gas being brought down in 
rain, and absorbed and retained in largest proportion by water 
in the cold season. The gas is directly absorbed from the at- 
mosphere by the leaves^ and also from the humid soil by the 
roots of plants. Boussingaidt observed vine leaves in a glass 
vessel to absorb completely the carbonic acid from the air as 
fast as it was carried to them, however rapid the current 
through the vessel. M. Boucherie has also observed enormous 
quantities of carbonic acid to escape from the trunk of a tree 
cut when in full sap^ evidently aspired from the soil by the 
roots. Under the deoxidating influence of lights plants 
decompose carbonic acid retaining its carbon for their own 
use^ and returning its oxygen to the atmosphere. Their green 
leaves absorb the chemical rays of the sun so completely, as 
to give no image in the Daguerreotype. Plants thus 
possess energetic means of reduction which cannot be imi- 
tated, for chemists are ignorant of any method of decom- 
posing carbonic acid in the cold. Plants, however, also 
exhale carbonic acid, particularly in the absence of light, and 
this has been supposed analogous to the expiration of carbonic 
acid by animals, and depending upon the respiration of plants. 
M. Liebig, however, looks upon this exhalation as entirely 
physical, as the escape by diffusion into air of the 'carbonic acid 
dissolved in the fluids of the plant, in the absence of the re- 
ducing light ; the carbonic acid being derived by the roots from 
decomposing humus, and this exhalation most considerable from 
plants growing in a rich soil. Thus, at night, plants allow 
the carbonic acid to pass through them, without absorbing it. 
Ammomia also finds its way into the atmosphere, being a 
product of the putrefactive decomposition of all azotised bodies, 
and is evolved from them principally in the condition of the vola- 
tile carbonate. The existence, however, of this substance in 
the air must be transient, as from its solubility in water, it will 
be brought down to the earth by every shower. It thus enters 
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the plant by its roots. Another aonice of ammonia is animal 
manure^ particularly ^urine, which in a putrid state is rich in 
salts of ammonia. There can be little doubt that nitrogen, in 
the form of nitric acidy can also be assimilated by plants, as 
appears by the favourable action of nitrate of soda, nitrate of 
ammonia, and other nitrates upon Testation. 

According to the observations of M. Boussingault, the 
Jerusalem artichoke and leguminous plaats generally can assi* 
milate the free niirogen of the atmosphere, to a sm^ll extent, 
but the cereals and other plants are entirely destitute of 
that power.^ The quantity of nitric add or nitrate of amr 
monia produced in the atmosphere by lightning, must be utterly 
insignificant, although some importance has been assigned to 
this as a source of the asiotised food of plants. 

Of the fixed earthy and saline constituent of plants which are 
derived from the soil; and are found in their ashes when burnt 
none is more generally necessary than the silicate of potash, 
which is produced in most soils by the gradual decompoaitioii, 
under atmospheric influences of the felspathic minerals they 
contain, or is added in the form of the ashes of burnt wood and 
plants. Earthy phosphates are quite essential to the cereals, 
and are added to the soil in animal manure ;' hence the oonstant 
remark that the cereals, like the domestic animals naturally 
follow man in his migrations. 

The vegetable kingdom is undoubtedly the great laboratory 
in which organic substances are produced, for from the sub- 
stances enumerated, water, carbonic add and ammdma, and not 
from any store of original matter in the soil are the prtndpks 
in plants derived. The steps of the conversion of these intp 
the organic prindples in the organism of the plant escape deteo- 
tion, but the general character of v^etable action is of a 
reducing nature, such as the Sun's light favours, earbonio add 
certainly and probably water being decomposed, thdr carbon 
and hydrogen retained, and their oxygen returned to the 
atmosphere. 

Food of Animals. — The organic matters produced by plants 
form the food of animals ; for animals produce little or no 
organic matter, bjit on the contrary destroy it. Indeed the 

* Ano. dc Chlm. ct de Phys. t. 76, p. 5 and t. 69, 353. 
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chanustor of the cheoucalaotioa of animals is exceedingly well 
defined, and the reverse of that of plants. The animal frame 
may be looked upon as an apparatus of combustion^ in which 
the reduced hydrogen and carbon of plants are again oxidated 
as in a furnace, and returned to the atmosphere in the form of 
water and carbonic acid. Thus are sustained the animal heat, 
and the powers of locomotion of animals. While carbonic 
acid and nitrogen in the form of salts of ammonia are sup- 
plied to the vegetable world* 

Animals ^require azotised food for their growth, for all the 
great constituents of the animal frame, such as its fibrii^ 
albumen, and casein are azotised matters ; nothing indeed is 
found in the soft parts of the body which is not azotised, except 
water and fat, neither of which is organised. For the renewal 
of these parts, a constant supply of azotised food is also neces- 
sary. Gum, starch, and sugar, which contain no nitrogen, are 
incapable alone of supporting life for any considerable i)eriod, 
and animals fed exclusively upon the latter substances event- 
ually succumb with all the appearances of death from starva- 
tion. 

i?e^ra/t(M».— But elementary substances of the amylaceous 
class although they afford no element to the body, supply 
carbon to be burned in respiration, consisting as they do of 
carbon with oxygen and hydrogen in the proportions of water. 
In the lungs of the higher animals, the dark venous blood is 
exposed to air through a thin and humid membrai^e, permea- 
ble to oxygen from its solubility ; that gas is absorbed by the 
blood, and imparts to it a fine florid red colour, and the 
characters of arterial blood. There is no reason to beUeve 
that any considerable oxidation occurs in the lungs although 
the gas is dissolved there by the blood. The latter containing 
free oxygen is carried by the circulation to the extreme 
capiUaries, where the processes of secretion to which it 
contributes are most active, and where it will enter into com- 
bination in largest quantity. Indeed it has been found by 
ei^periment that venous blood absorbs oxygen and becomes 
red and arterial, without producing the smsUlest trace of heat. 

Carbonic acid being formed is carried by the venous blood 
to the lungs where it escapes, at the same time that the blood 
obtains oxygen from the air and is arterialised. From the 
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accurate observations of Professor Magnus on the gases of Ae 
blood, it appears that blood gives out from one tenth to (me 
eighth of its bulk of gas when placed in vacuo ; that the gas 
obtained from both arterial and venous blood contains nitrogen, 
oxygen and carbonic acid ; but that while the oxygen in venous 
blood is at most from one fourth to one fifth of the volume of 
die carbonic acid, the oxygen in the arterial blood equals at 
least one third and sometimes almost half of the volume of the 
carbonic acid in the same blood.* The solvent power of the 
serum of the blood of the ox, for carbonic add was founds 
by M. Scherer, to be double that of pure water ; the serum 
dissolving twice its bulk of carbonic acid, while water dis- 
solves only an equal bulk of that gas, at the usual tempenn 
ture of the atmosphere. 

The air of an easy expiration amounts to 15 or 18 cubic 
inches, and contains about 3^ per cent of carbonic add. The 
air of a deep expiration contuns 6 or 8 per cent of that gas, and 
will not support the combustion of a candle. According to 
Mr. Coathupe, the quantity of air which passes through the 
lungs of a man of ordinary size, in twenty-four hours, is 2661 cu- 
bic feet, of which 2O4 cubic feet are changed into carbonic acid.t 
The quantity of carbon thus thrown off daily from the system is 
considerable, and is found by M. Liebig to be in proportion to 
the animal heat evolved and exerdse taken, and thus varies con- 
siderably in different individuals. The proportion of carbon ex- 
pired by himself is 8^ ounces daily, by a soldier 13^ ounces, by 
prisoners in close confinement ^ ounces, and by a boy who takes 
considerable exercise 9 ounces. In an experiment made on a ' 
large scale, in which the quantity of carbon in the food and 
also in the excrementsr and urine of 856 soldiers was ascer- 
tained and compared, it was found that the carbon of the latter 
amounted only to one twenty-seventh part of the carbon of the 
former; and consequently twenty-six twenty-sevenths of the 
whole carbon in the food was converted into carbonic add and 
discharged by the lungs. 

When the expired air of man and birds is examined, the pro- 
portion of oxygen which has disappeared has generally been found 
sensibly the same as that (tf the carbonic acid produced ; while it 

* Annales de Chimie et de Phytique, t. 65, p. 1821 
t FhU. Mag. 3rd Ser. y. 14. p. 401. 
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will be remembered that oxygen is converted into carbonic add, 
by the combustion of carbon, without any change of volume. 
Such should be the result if the oxygen absorbed in respiration 
is wholly consumed in oxidating carbon, as it must be when 
the food is purdy &rinaceous ; such articles of diet as starch, 
sugar and gum containing already sufficient oxygen to convert 
their hydrogen into water, and requiring oxygen therefore to 
bum their carbon only. 

According to some observations, upon which reliance may 
be placed, the oxygen which disappears in the respiration of 
man is always a little more than the volume of carbonic acid 
produced, which would indicate that a part of the oxygen is 
consumed in oxidating other principles besides carbon, such as 
the sulphur and phosphorus which are discharged in an oxidated 
state in the urine ; and to a greater extent probably, in oxidating 
hydrogen, with formation of water. In the respiration of car- 
nivorous animals, the proportion of oxygen which disappears^ 
without being replaced by carbonic acid, is considerable, ac- 
cording to the observations of Dulong, a fact which may be 
connected with the decided excess of hydrogen over oxygen, in the 
composition of their food. Carbonic acid is also exhaled from 
the skin of man and other animals, as well as from the lungs. 
The question of the absorption of nitrogen from the air, in the 
respiration of animals, has been finally settled in the negative : , 
they are incapable of assimilating that element in a free state. 
(Boussingault : Ann. de Chim. &c., Ixxi, 113, and 128). 
It is certain, however that nitrogen is occasionally exhaled from 
the lungs, in a sensible quantity, (Edwards,) and must come 
from the decomposition of an azotised constituent of the blood. 

The fat of animals is a provision for the supply of oxidable 
matter in respiration, and speedily disappears in the absence of 
food, without a particle of it being discovered in .the urine or 
feces. Fat is most abundant in herbivorous animals, because 
their supply of food from the vegetable kingdom ceases in 
winter, and is a provision for their sustenance during that 
period ; on the contrary the bodies of carnivorous animals in a 
state of nature are entirely destitute of &t. (Liebig.) 

The following theory of respiration or of the action of oxygen 
upon the blood, proposed by MM. Dumas and Boussingault, 
has a high degree of probability. Under the influence of the 
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oxygen abfiorbed, the soluble matters in the blood are supposed 
to be conrerted into lactic add, an acid which has been observed 
in the fajiood by Mitscherlich, Boutron-Chalard and Fremy. The 
lactic acid itself becomes lactate of soda, and undergoing a true 
combustion from combination with oxygen \» converted into 
carbonate of soda. - The last salt is decomposed in its turn by 
a new portion of lactic acid, and the carbonic add set free, 
with which the venous blood comes charged to the lungs. 
The conversion of farinaceous matters into lactic acid, out of the 
body, by the action of a special ferment, is a fact well under* 
stood ; and the discharge by the urine, of salts of the organic 
adds, such as tartrates, acetates and citrates, in the form of 
alkaline carbonates, has also long been observed. The large 
production of lactic add in the blood, and its conversion by 
oxidation into carbonic add may therefore be admitted. 

The oxidation occurring in respiration is quite sufBdent to 
account for the aninuU heat. MM. Dulong and Depret? 
observed an excess of heat, in their experiments upon animalsj 
which was ascribed by them, and by physiologists generally, to 
a calorific power peculiar to the animal and independant of 
respiration. But in these experiments it was assumed that an 
animal placed in a calorimeter with cold water, leaves it having 
exactly the temperature with which it entered ; a thing abso- 
lutely impossible, as is now known. The cooling of the animal 
occasioned the excess of heat obtained in their experiments. 

The animal frame appears thus to have eminentiy the cha- 
racter of an apparatus of combustion, by which the complex 
substances which ate formed in the vegetable world and serv^ 
as food to animals, are converted again into simpler forms of 
matter^ such as carbonic acid, water and other oxidated {X'oducts, 
which are returned to the atmosphere and to the soil to become 
again the food of plants.* 

JHgestion. — ^The prindpal constituents of flesh and the animal 
fluids are all azotised substances, namely fibrin, albumen and 

* <* To nsoant to the snimnit of Mont-Blanc, r man requires two days of twelfe 
hours. During that time he bums on an ^yerage 300 grammes (10 ounces and 
258 grains ayoirdupois) of carbon or the equivalent of hydrogen. If a steam engine 
were employed to carry him there, it would burn from 1000 to 1200 grammes, to 
do the same work."-^Z>^on sw la Siatique chimique dts itres organisis, prq/essie 
par M, Dmmas, 
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casein^ the last existing in milk and being the basis of pheese. 
Two very important conclusions have lately been drawn re^ 
specting the relations of these substances to each other, and 
their origin in the vegetable kingdom. The first is a deduction 
from the analysis of these substances by M. Mulder, which 
has been repeated and confirmed in the Giessen laboratory, 
namely, that these three substances are identical in composition. 
The following are the results of M. Mulder's analyses : 





FIBBIN. 


ALBUMEN. 


CASEIN. 




Of eggs. 


1 

Of Berum. 




Carbon • 


. 54.56 


54.48 


54.84 


54.96 


Nitrogen . 


. 15.72 


15.70 


15.83 


15.80 


Hydrogen 


. 6.90 


7.01 


7.09 


7.15 


Oxygen 


1 








Phosphorus 


> 22.82 


22.81 


22.24 


22.09 


Sulphur 


J 









100, 100. 100. 100. 

The proportion of the carbon to the nitrogen in these sub- 
stances is that of 8 equivalents of the former to 1 of the latter. 
They differ slightly in the minute quantity of phosphorus and 
sulphur with which they are accompanied. They all dissolve 
in concentrated hydrochloric add^ with the aid of heat, and the 
solutions kept for a time at a pretty high temperature, first 
assume a beautifiil lilac, and then a rich violet blue colour. 
At this stage of the decomposition^ each of the three substances 
re-acts in the same way with carbonate of ammonia and other 
re-agents. With considerably different physical properties, 
they appear to be modifications of a common principle, which 
Mulder names Protein, and expresses by C4()H3iN50i2 ; Liebig, 

The second conclusion is the observation of M. Liebig, that 
animals draw these principles ready formed from the vegetable 
kingdom, and do not organise them. The parallel vegetable 
principles are vegetable fibrin, a constituent of gluten first pro- 
perly distinguished by Liebig, and gluten itself, vegetable albu- 
men, and legumin, or as it is termed by Liebig, vegetable 
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casein ; the latter two being identical^ eqnaUy in properties as 
in composition, with animal albumen and animal casein. This 
appears by the following analyses which were executed at 
Oiessen.* 



VEGETABLE FIBRIN, 



I. 


II. 


III. 


(Dr. H. Bence Jones.) 


(Dr. Scberer.) 


(Dr. Scberer.) 


Carbon . . 53.83 


54.603 


54.603 


Nitrogen • • 15.59 


15.810 


15.810 


Hydrogen • 7-02 


7.302 


7.491 


Oxygen ^ 






Sulphur V 23.56 * 


22.285 


22.096 


Phosphorus J 







100. 



100. 



100. 



VEGETABLE ALBUMEN. 



• 

Carbon 


From rye. 
(Dr. Jones). 

. 54.74 


From wbeat. 
55.01 


From g^lotenof 
pUnts. 

54.85 


Nitrogen . 

Hydrogen 

Oxygen 

Sulphur 

Phosphorus 


. 15.85 

. 7-77 

I 21.64 


15.92 
7.23 

21.84 


15.88 
6.98 

22.39 




100. 


100. 


100. 


LEGUMIN 


OR VKGBTABLR CASEIN. 


GLUTEN. 


Carbon • . 


(Dr. Scberer.) 
• . 54.138 




(Dr. Jones.) 
55.22 


Nitrogen . . 


. . 15.672 




15.98 


Hydrogen • 

Oxygen 1 

Sulphur J • 


. . 7.156 
• . 23.034 




7.42 
2L38 



100. 



100. 



The vegetable and corresponding animal principles are also 



* Annaleu der Chioiie uad Pharmacie, xxxiz, 129. 
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accompanied by the same inorganic substances, in small quan- 
tity, namely magnesia, phosphoric acid, lime, iron, alkalies and 
sulphur. They evolve the same foetid odour when heated, and 
give the same volatile products containing sulphur and phos- 
phorus. 

Animals thus obtain the constituents of their bodies from 
plants, if herbivorous, or from the bodies of other animals, if 
carnivorous, and merely assimilate organic principles without 
organising them. For tiie aa&otised vegetable principles take a 
new form in the animal organism, without any change in their 
chemical composition. The albumen, fibrin and casein of the 
Animal system also admit, from the identity of their idtimate 
composition, of being readily converted one into the other, 
according as each is required in the animal economy. Ani- 
mal digestion comes thus to be deprived of much of its mystery. 
M. Dumas has thus expressed himself, very lately, respecting 
that process. 

'^ Digestion is a simple function of absorption. The soluble 
matters pass into the blood, for the most part unaltered ; the 
insoluble matters arrive in the chyle sufficiently divided to be 
aspired by the orifices of the chyliferous vessels. Digestion has 
evidendy for an object to restore to the blood, a matter proper 
to furnish for our respiration the ten or fifteen grammes of 
carbon or the equivalent of hydrogen, which every individual 
bums per hour, and also to provide the gramme of nitrogen, 
which is exhaled every hour, in part by the lungs and skin, as 
well as by the urine. Thus, amylaceous matters are converted 
into gum and sugar ; the saccharine matters formed are absorbed. 
The fat matters are divided, form an emulsion, and so pass into 
the vessels, to form afterwards deposits, which the blood takes up 
and bums, when they are required. The neutral azotised mat- 
ters, the fibrin, albumen and casein, first dissolved, then pre- 
cipitated, pass into the chyle highly divided or dissolved 
anew. 

^' An animal, therefore, receives and assimilates almost un- 
touched, the neutral azotised matters which he finds ready formed 
in the animals or plants upon which he lives ; he receives oily 
substances which come from the same sources, and also amyla- 
ceous and saccharine substances of the same origin. These 
three orders of matters, of which the origin is always traceable 
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to the plant, divide themselves into products admitting of 
assimilation ; into fibrin, albumen, casein, and oily bodies, which 
serve to increase or renew the organs ; and into combustible pro* 
ducts, sugar and the oUy bodies, which are consumed in respira- 
tion. An animal thus assimilates, or destroys ready formed oiganic 
matters ; it creates nothing.'^ 

Although the usual function of plants is to act^ under the 
influence of the solar rays, like apparatus of reduction, in which 
water, carbonic acid and ammonia are decomposed, yet in some 
circumstances, they act differently and more lik6 animab. In 
the germination of the seed, much heat is produced, with the 
formation of carbonic add and water. The starch of grain in 
malting is observed to pass first into gum, then into sugar, and 
lastly to disappear, producing carbonic add. Sugar thus seems 
to be the ageht^ by means of which plants as well as animals 
develope the heat they require. The fecundation of plants is 
always accompanied by heat, the flowers respiring and producing 
carbonic add. Tibey must, therefore, consume carbon; and 
accordingly we find that the sugar in the stems of the sugar- 
cane has entirely disappeared after the flowering and fiructifica* 
tion are completed. The shot beet, turnip and carrot con- 
tain no longer a trace of sugar in their roots. The oils accumu- 
lated in some seeds ^pear to serve, like the fat of animals, to 
support this respiration, and to supply the heat, by their 
combustion, which plants require at certain periods of their 
growth, and for the discharge of certain functions. 

The curious observation has also been made by M. Morren, 
that certain green animalculae found in stagnant water, perform 
the usual function of the green parts of vegetables, decomposing 
carbonic add and evolving oxygen, under the influence of the 
light of the siin. The proportion of free oxygen in the water 
is frequently raised, by their actba from 30 to 56, or 57, 
or even to 61 per 'cent, while carbonic add disappears in a 
corresponding proportion. It is in the encheUde monody (of 
Bory,) only, and some other green animalcules higher in the 
series, that this phenomenon is observed.* 

*Aiin. de Cbim. et de Pliys. 3 ser. 1. 455. 
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SECTION II. 

MODIFICATIONS OF PROTEIN: ALBUMEN, FIBRIN, CASEIN. 

ALBUMEN. 

This substance forms the white of eggs, whence its name, and 
is the principal constituent of blood ; it is also found in many 
fluid secretions, and in nearly all the solids of the animal body. 
It exists in two conditions, soluble, as it is in the animal fluids, 
and insoluble or coagulated, when heated to 1 58^. 

Uncoagulated albumen may be prepared by evaporating the 
clear serum of blood, or white of egg, by a heat of 120°, till it 
dries up and forms a yellowish transparent brittle mass, like gum. 
This is reduced to powder, and washed successively with ether 
and alcohol, which dissolve out the fat, salts and other foreign 
matters in the serum or white of egg. 

Dry albumen first swells up in water, then forms with it a 
glairy colourless fluid, which is nearly tasteless. At 140* the 
dry albumen begins to lose its transparency, and at 142® it 
changes into a white coherent mass, in which the albumen has 
passed into the insoluble condition. When dissolved in water 
it coagulates at ISS*' ; a very dilute solution, however does not 
become turbid till it is boiled. Albumen is thrown down from 
solution, in a coagulated state, by alcohol, creosote, by acids 
particularly nitric acid ; by metaphosphoric acid, but not by 
the other hydrates of phosphoric acid, nor by acetic acid. The 
precipitates with acids are definite compounds of albumen with 
the latter. Coagulated albumen also forms compounds with 
acids, which are insoluble in an excess of the acid, but are 
soluble in water. Dilute hydrochloric acid precipitates albumen, 
the concentrated acid when hea'ted dissolves the coagulum, of 
a lilac and then of a deep blue colour, as it also dissolves fibrin 
and casein. Albumen is precipitated from its soluble com- 
pounds with acids, by the ferrocyanide of potassium. Coagu- 
lated albumen dissolves in caustic alkalies and neutralises 
them ; the solutions are precipitated by soluble metallic salts, 
and insoluble albuminates of the metals formed. 

A solution of albumen in water is precipitated by acetate of 
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lead, and many other metallic solutions. Insoluble compounds 
are formed, one of which is of considerable interest, that of 
chloride of mercury ; as albumen is had recourse to as an anti- 
dote to corrosive sublimate, the white of one egg predpitating 
about four gnuns of that salt. To form the albuminate qfehlO' 
ride of mercury , a solution of corrosive sublimate is added in 
excess to a solution of albumen, and the white flaky precipitate 
is collected on a filter and washed. It is slightly soluble in 
water, resembles the curd of milk and is insipid ; it dissolves 
in a solution of common salt. Lassaigne finds that when 
heated it coagulates; the albumen appearing to abandon 
chloride of mercury, at the same time, which may afterwards 
be dissolved out by ether. It consists, when dried, according 
to the same chemist, of 93.4 parts of albumen and 6,6 parts 
of chloride of mercury, in 100 parts. Chloride of mercury 
forms a similar compound with fi^esh fibrin. The solution of 
albumen is also precipitated by an infusion of nutgalls. 

Soluble albumen dissolves phosphate of lime, a salt, of which 
about 2 per cent may be separated from coagulated albumen 
by dilute hydrochloric acid. Metallic silver is blackened by 
albumen, which always contains sulphur, whether the albumen 
is soluble as in the egg and blood, or insoluble as in the 
hair. 

FIBRIN. 

This principle is contained by the living blood in a soluble 
state, but soon coagulates when withdrawn from the blood 
vessels. It forms the clot of coagulated blood, and constitutes 
muscular fibre. It is obtained in threads on stirring newly 
drawn blood with a stick ; or by pressing the coagulum in a 
small stream of water, till it becomes colourless and consists of 
soft fibres. It is purified by washing it with ether, or warm 
anhydrous alcohol which dissolves out fat. 

Fibrin affects a remarkable kind of aggregation, the globules 
of which it is composed, attaching themselves to each other by 
their ends, so as to form threads or fibres. In the humid state 
it possesses the characteristic softness and elasticity of the 
flesh of animals, and contains about three-fourths of its weight 
of water. It may be deprived of this water in dry air, and 
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then becomes a hard and brittle substance ; but, like flesh, it 
imbibes water again when moistened, and recovers its original 
softness and elasticity. It always leaves, like albumen, when 
burned, a portion of phosphate of lime. 

Fibrin is insoluble in alcohol, ether and-water. When boiled 
for a long time in water, particularly under pressure, its nature 
is altered and it becomes soluble. Coagulated albumen com^ 
ports itself in the same way. Fibrin forms compounds with 
both acids and bases. In concentrated acetic acid it swells up 
and forms a transparent colourless jelly, which dissolves in a 
considerable quantity of boiling water. This solution is pre- 
cipitated by ferrocyanide of potassium. In other concentrated 
adds fibrin undergoes a similar change. Fibrin dissolves in 
caustic alkalies and neutralises them. It is separated from 
them by acids^ and precipitated. 

The fibrin of venous blood may be entirely dissolved in a 
solution of nitrate of potash, although not without rubbing in a 
mortar and digestion in the cold for some time. The solution 
is coagulated by beat, and greatly resembles a solution of 
albumen, (Berzelius, Scherer). This solubility in nitre is not 
possessed by fibrin from the following sources : arterial blood, 
the ^' buffy coat," and that obtained by stirring blood, nor by 
fibrin after exposure for some time to the air, or fibrin boiled in 
water for a few minutes, or digested in alcohol. M. Scherer 
observe/that, when in the soluble condition, fibrin is a highly 
alterable substance, absorbing oxygen readily and emitting 
carbonic acid ; but after being boiled for a few minutes it 
produces no carbonic acid in an atmosphere of oxygen gas. 
He concludes that fibrin, although always insoluble in pure 
water, has still an uncoagulated and coagulated condition, like 
albumen; that it is uncoagulated in the clot of venous blood, 
and when soluble in a solution of nitre ; but coagulated as it 
exists in arterial blood, from the absorption, he supposes, of 
oxygen, and after being boiled for a few minutes, or treated 
with alcohol. The decomposition of peroxide of hydrogen, with 
evolution of oxygen gas is .occasioned, he finds, by fresh fibrin 
from all kinds of blood, but not by boiled fibrin ; nor is the 
decomposition produced, it will be remembered, by coagulated 
albumen. A solution of venous fibrin in nitre, contained in a 
deep cylindrical jar, allows a precipitate in fine flocks to fall, 

2 X X 
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when the jar is open, but not when it is covered and accesfs 
of air prevented. This precipitate is insoluble in the solution of 
nitre, and possesses the properties of arterial fibrin.* 

PROTEIN, 

Formula : C4oH3,N50,2=Pr (Mulder). When albumen or 
fibrin is dissolved in a moderately strong solution of caustic 
potash, and heated to about 120% the small portions of phos- 
phorus and sulphur which it contains, are separated in the form 
of phosphate of potash and sulphuret of potassium ; and when 
this solution is saturated with acetic acid, a gelatinous substance 
precipitates which is the same from both fibrin and albumen, 
and constitutes protein. After being washed, protein is still 
gelatinous, of a greyish colour, and semi-transparent. When 
dried it is yellowish, hard, easily pulverised, tasteless, insoluble 
in water and alcohol. Like albumen and fibrin it is not fusible 
by heat without decomposition. 

Albumen and fibrin may be considered as compounds of 
protein with sulphur and phosphorus in different propor- 
tions. Mulder found in fibrin and in the albumen of eggs 
from 0.36 to 0.38 per cent of free sulphur, with from 0.32 to 
0.43 per cent of free phosphorus, which quantities of these ele- 
ments are in the proportion of SP^. In albumen firom the 
serum of blood, 0.68 per cent of sulphur, and 0.33 per cent of 
phosphorus were found, or S^Pi. The composition of these 
substances is thus represented by Mulder : 

Fibrin, and the albumen of eggs . • . 10 Pr+S P* 
Albumen of serum 10 Pr-l-SjP* 

The oxides of lead and silver likewise combine with 10 atoms 
of protein. The globulin of blood, vegetable albumen, and 
the casein of milk, treated with alkalies, in the same way as 
fibrin and albumen, give also a protein which is identical in 
composition and properties with the foregoing. 

M. Liebig has adopted for protein the formula C4QH3gNgOi4, 
which is different from that of Mulder, although equally com- 

* Scherer, chemisch-physiologische UntersucAungren, Annalen dcr Chemie, &c., 
X. , October), (1841). 
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patible with the analytical results. It gives the composition of 
protein, per cent. 

Carbon 55.742 

Hydrogen 6.827 

Nitrogen 16.143 

Oxygen 21.288 



100.000. 



M. Dumas represents the composition of protein differently, 
I am not aware upon what authority, assigning to it more 
oxygen, than Mulder and Li'ebig. His formula is 
^48^36^6^17 9 which is 48 atoms of carbon with the elements 
of 6 atoms of ammonia and of 17 atoms of water. The com- 
bustion of protein and all its compounds is effected with 
difficulty in the combustion tube ; to bum the carbon com- 
pletely, M. Scherer found it quite necessary to mix chlorate 
of potash with the oxide of copper, or to bum with chromate of 
lead. 

Protein combines with both acids and bases, and is soluble 
in all acids when highly diluted. In combining with acids it 
forms new compound acids ; with sulphuric acid sulpho^proteic 
acidy Pr+SOg. It combines also with 2HC1. Chloroproteic 
acM^, Pr+ClOg, is formed on passing chlorine gas through a 
solution of albumen, and precipitates in white flocks. The 
same compound is formed by the action of chlorine on ammo- 
niacal solutions of casein and fibrin (Mulder). 

Xanthoproteic acid, 2HO + C34Ha4N40ia (Mulder), is formed 
when albumen, or any other protein-compound is digested in 
nitric acid. The albumen, &c., dissolve of a yellow colour, with 
escape of nitrogen gas, and the formation of oxalic acid and 
ammonili. Two atoms of protein, 1 of water, and 2 of nitric 
acid, yielding 3 of oxalic acid, 2 of ammonia and I of hydrated 
xanthoproteic acid as represented above. After being washed 
with boiling water, this acid forms a tasteless orange-yellow 
powder, which combines equally well with acids as with bases* 
The salts containing the last dissolve in water of a dark red 
colour. 

Leucifiy C12HJ2NO4, a substance discovered by Braconnot. 
When boiled with caustic alkali in excess, protein or any pro- 

2 X X 2 
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tein-compound is completely decomposed, and ammonia, 
carbonic acid, formic acid, and three azotised bodies, are formed : 
leucin, protid and erythroprotid. The alkaline solution is neu- 
tralised with sulphuric acid, poured oflF from the sulphate of 
potash which precipitates, evaporated to dryness, and the mass 
boiled with alcohol. Erythroprotid^ is first deposited, as a 
reddish brown extractiform mass. This substance, as it exists 
in combination with oxide of lead, is expressed by CjgHgNOg, 
Later, the leucin separates in a crystalline state. Protid, 
C,3HgN04, which is a yellowish uncrystallizable brittle sub- 
stance, remains in solution, with formiate of potash. The 
leucin crystallizes in brilliant plates, like cholesterin, is inodor- 
ous and tasteless, and sublimes unchanged at 838°. It is but 
slightly soluble in water, and still less soluble in alcohol. It is 
not decomposed by alkalies. It combines with 1 atom of the 
protohydrate of nitric acid, and becomes nitroteucic acid, which 
forms crystalline salts containing 1 atom of base, without losing 
its leucin. The same substance is also formed by the digestion 
of a protein-compound in sulphuric acid. 

CASEIN. 

The curd or coagulable portion of milk has been named 
casein and also caseum; it is a principle having considerable 
analogy to albumen, coagulable by rennet but not by a boiling 
temperature. Sweet milk contains its whole casein in solution, 
with globules of fat in a state of suspension, which last rise to 
the surface in the form of cream, or are separated, by agitation 
of the milk, in the form of butter. The milk contains also in 
solution a considerable quantity of lactine or sugar of milk 
(page 7^^)} to which the casein stands in the relation of a fer- 
ment. The latter soon begins, probably after being affected 
like other ferments by the air, to convert the lactine into lactic 
acid (page 809). Milk thus spontaneously becomes sour in 
open vessels, and its casein is at the same time coagulated by 
combining with lactic acid (Fremy). 

Casein combines with other acids, besides the lactic, and is 
best prepared according to Braconnot, by adding dilute sulphuric 
acid to skimmed milk ; a white coagulum is formed, the sulphate 
of casein insoluble in water, which may be collected and washed 
upon a filter. It is afterwards digested with carbonate of lead^ 
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which abstracts the sulphuric acid, and the casein becoming 
finee is dissolved by the water. The solution of casein is eva- 
porated to dryness, the dry matter reduced to powder and 
digested in boiling ether, to dissolve out fat; the residue of 
casein is afterwards dissolved again in water, and precipitated 
by the addition of alcohol, to separate it from other matters. 

When dry, casein is yellowish like gum, insipid, and does not 
dissolve again readily in water. Its solution is also yellowish 
and somewhat viscid^ and smells like boiled milk; left to 
itself it putrifies and smells like old cheese. It comports 
itself with reagents very like albumen ; it is precipitated by 
acids, even by acetic acid which does not affect albumen. The 
precipitates formed are soluble in an excess of their acid, and 
also, it is said, in alcohol. Like albumen, casein exists both in a 
liquid and solid form. Its coagulation is effected by rennet^ the 
inner coat of the calf s stomach, after it is well washed in hot 
water. Skimmed milk placed in contact with a small portion of 
this membrane, or mixed with an infusion of it, and heated 
to 90^ or 100®, is thickened, and coagulates so completely that 
not a trace of the casein remains dissolved in the whey. This 
action of rennet is that of the pepsin it contains, but how the 
latter operates is unknown. Berzelius observed that 1 part 
of the membrane, washed and dried, placed in 1800 parts 
of skimmed milk gradually heated up to 122®, occasioned 
complete coagulation. The membrane taken out afterwards, 
washed and dried, was found to have lost 6 per cent of its 
weight. The coagulum, mixed with the fat or butter, in sweet 
milk, strongly compressed and dried, forms cheese. The fat 
may be dissolved out of the latter by ether. 

Coagulated casein is insoluble or only very sparingly soluble 
in water. It dissoh*es easily in dilute warm vinegar and 
alkalies. Casein always leaves behind it, on incineration, a 
portion of phosphate of lime, which milk contains in consider- 
able quantity. Casein contains a little sulphur but no phos- 
phorus, in chemical combination. It belongs to the class of 
protein compounds, and may be considered a combination of 
10 atoms of protein with 1 atom of sulphur. Its identity with 
vegetable legumin (page 912) has already been more than once 
adverted to. 

When milk is heated in an open vessel, it soon becomes 
covered by a pellicle composed of insoluble matter. M. Scherer 



J 030 PEPSIN, GLOBULIN, &C. 

finds that the pellicle is formed by the absorption of oxygen, 
and does not appear upon milk heated in an atmosphere of car- 
bonic acid. 

Fresh and pure blood-serum, mixed with twice its weight of 
distilled water, and a small quantity of a solution of caustic 
alkali, soon loses all alkaline reaction, and on heating to the 
boiling point, the coagulation of the albumen no longer occurs ; 
but the solution when heated becomes covered by a pellicle, 
like milk. M. Scherer considers this as the conversion of albu- 
men into casein, the pellicle agreeing closely in composition and 
properties with the pellicle from heated milk. 

M. Scherer also finds soluble casein, always to leave, when 
burnt, a highly alkaline ash containing much lime, but in the 
coagulated state to leave a neutral ash. The solubility of the 
casein he, therefore, ascribes to its combination with an alkali, 
and its coagulation to the saturation of that alkali. The acid 
which saturates the alkali appears to be the lactic, produced by 
the change of the sugar of milk, under exposure to air, when the 
milk is heated. 

SECTION m. 

PEPSIN, GLOBUUN, HEMATOSIN, GELATIN, CHONDRIN. 

PEPSIN. 

This is a peculiar animal principle secreted by the stomach 
and present in the gastric juice. It is usually prepared by 
infusing the mucous membrane of the fourth stomach of the 
calf, which is known as rennet, and as obtained from this source 
is distinguished by the power which it possesses to coagulate 
milk. This property the infusion loses when boiled, indicating 
a relation between pepsin and albumen. The infusion, aided 
with a few drops of hydrochloric acid, and kept at 80 or 90", dis- 
solves completely portions of albumen boiled hard, of fibrin or 
boiled meat, in the course of from 12 to 24 hours. By means 
of this agent the process of animal digestion has been imitate 
perfectly, out of the body, by Eberle, Schwann and other 
physiological inquirers. 

The most precise information we possess respecting . the 
nature and production of pepsin has been obtained by M. 
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Wasraann, who first succeeded in isolating it ; his observations 
were made upon the mucous membrane of the stonoach of the 
pig, which greatly resembles that of man.* The organ which 
secretes the gastric juice consists of glands of a particular 
nature contained in the mucous membrane of a portion of 
the stomach. When this membrane is digested in a large 
quantity of water at from 86** to 95% without being cut into 
pieces^ but after being well washed, water extracts from it a 
variety of matters besides pepsin ; but if this water be removed 
and fresh water added and the digestion continued in the cold, 
nothing almost dissolves now except pepsin. The operation 
may be continued with new portions of water till the membrane 
enters into putre&ction ; water extracts pepsin at every repe- 
tition till at last nothing remains but a tissue, from which, 
hydrochloric acid takes up no matter capable of dissolving hard- 
boiled albumen. 

The solution of pepsin, thus obtained from the glandular 
membrane, is colourless, somewhat viscid, and is capable, if ren- 
dered acid by hydrochloric acid, of dissolving solid albumen very 
rapidly. It contains besides pepsin a little albumen^ which can 
be separated from the acid solution by ferrocyanide of potassium, 
a salt which does not precipitate pepsin, or by heating the 
solution, if not very dilute, to 170°, or to 212® without boiling ; 
the coagulated albumen is then deposited in flocks, with a 
little modified casein. The filtered liquid is no longer viscid, 
but preserves the property of dissolving solid albumen with 
the aid of a little hydrochloric acid. When boiled it becomes 
turbid again, and loses entirely the power to dissolve the 
albumen. For when the coagulated flocks are dissolved in 
acetic acid, they exert no solvent action on hard white of egg, 
even with the concurrence of hydrochloric acid ; the solution 
of coagulated pepsin in acetic acid is not precipitated by ferro- 
cyanide of potassium. 

Pepsin thus appears to be a substance sparingly soluble in 
water. When its solution is evaporated to dryness, there 
; remains a brown, greyish, viscid mass with the odour of glue 
and having the appearance of an extract. The solution of the 
latter in water is turbid, and still possesses a portion of the 
characteristic power of pepsin, but greatly reduced. On adding 

• Pharmac. centr. Blatt 1839. p. 349, 353. 
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to a fresh solution of pepsin 1 or 2 volumes of strong alcohol^ 
the pepsin is precipitated in white flocks which maybe collected 
on a filter. The alcoholic liquid filtered^ gives on evaporation 
a brown deliquescent residue^ which reddens litmus and is 
entirely deprived of digestive powers. 

The precipitate of pepsin forms white flocks, which, upon 
drying on the filter, produce a grey compact mass. When 
moistened with water, it swells up and dissolves in a large 
quantity of water. It dissolves more easily in water acidulated 
with acetic or any other acid ; this solution is not disturbed 
by ferrocyanide of potassium, and possesses in a high degree 
the power of dissolving coagulated albumen. A solution of 
dried pepsin in pure water is rendered turbid by ebullition, 
and loses its solvent power for aliments. 

Many metallic salts precipitate pepsin, although not entirely, 
from a firesh solution of the membrane ; such as protosulphate 
of iron, sulphate of copper, acetate of lead, chloride of mercury 
and protochloride of tin. Pepsin may again be separated from 
these precipitates by exposing them suspended in water to a 
stream of sulphuretted hydrogen ; but a portion of the acid of 
the metallic salt remains in combination with the pepsin, forming 
a compound which has a well marked acid re-action on litmus, 
and possesses the solvent powers of pepsin in a high degree. 

Acetate of pepsin may be obtained by decomposing the 
precipitate obtained with acetate of lead, by means of sulphu- 
retted hydrogen, then evaporating the solution of pepsin with 
caution to a syrupy consistence, and treating it with alcohol. 
The acetate of pepsin remains undissolved by the alcohol, in 
the form of white flocks, which become a mass, on drying in 
the air, resembling gum. It does not attract humidity, but 
dissolves easily in water, with an add reaction. A solution of 
the dried acetate in 60,000 times its weight of water, to which 
a little hydrochloric acid is added, dissolves white of egg in 
the course of six or eight hours. Alkalies appear to destroy 
the specific solvent power of pepsin. 

HydrocMorate of pepsin is obtained on precipitating the* 
infrision of the mucous membrane by chloride of 'mercury, de- 
composing the predpitate, after being well washed, by sulphu- 
retted hydrogen, and mixing the filtered Uquid which contains 
the pepsin with alcohol, by which the hydrochlorate of pepsin 
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is left undissolved; like the acetate of pepsin. It possesses 
properties analagous to those of the acetate, and its solution in 
water dissolves coagulated albumen very rapidly. The alcoholic 
liquor above possesses no solvent power ; when evaporated to 
dryness it leaves a residue which resembles an extract of meat. 
In regard to the solvent power of pepsin for coagulated 
albumen^ it was observed by M. Wasmann that a liquid which 
contains 1 .7 thousand parts of acetate of pepsin and 6 drops of 
hydrochloric acid per ounce, possesses a very sensible solvent 
power, so that it will dissolve a thin slice of coagulated albumen 
in the course of 6 or 8 hours' digestion. With 12 drops of 
hydrochloric acid per ounce the white of egg is dissolved in 2 
hours. Al liquid which contains i grain of acetate of pepsin 

and to which hydrochloric acid and white of egg are alternately 
added, so long as the latter dissolves, is capable of dissolving 
210 grains of coagulated white of egg at a temperature between 
95** and 104® It would appear, from such experiments, that the 
hydrochloric acid is the true solvent, and that the action of the 
pepsin is limited to that of disposing the white of egg to dissolve 
in hydrochloric acid. The acid when alone dissolves white of 
egg, by ebullition, as it does under the influence of pepsin ; from 
which it follows that pepsin replaces the effect of a high tem- 
perature which is not possible in the stomach. The same add 
with pepsin dissolved blood, fibrin, meat and cheese, while the 
isolated acid dissolved only an insignificant quantity, at the same 
temperature ; but when raised to the boiling point it dissolved 
nearly as much, and the part dissolved appeared to be of the 
same nature. The epidermis, horn, the elastic tissue (such as the 
fibrous membrane of the arteries) do not dissolve in a dilute 
acid containing pepsin. 

M. Wasmann has remarked that the pepsin of the ^tomach 
of the pig is entirely destitute of the power to coagulate milk, 
although the pepsin of the stomach of the calf possesses it in 
a very high degree, from which he is led to suppose that the 
power of the latter depends upon a particular modification of 
pepsin^ or perhaps upon another substance accompanying it, 
which ceases to be formed when the young animal ceases to be 
nourished by the milk of its mother. 

HRMATOSIN. 

The blood so long as it flows in the veins consists of a clear 
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liquid with floating globules observed by the microscope^ which 
in the higher mammiferous animals are lenticular and circular 
or elliptical in form, of an orange red colour, and marked with a 
colourless spot in the centre, or nucleus. From these globules 
Berzelius derives two of the most characteristic constituents of 
the blood hematosin and globulin, which are both closely related 
to albumen. The clear liquor of the living blood, on the other 
hand, is composed of two principles already considered, namely 
fibrin and albumen. 

To prepare, hematosin blood which has been freed from fibrin 
by stiring it well, is mixed with 6 times its bulk of a saturated 
solution of sulphate of soda, in which the blood globules are 
insoluble, and the latter collected on a filter. The dark-red 
gelatinous mass is boiled with alcohol, to which a little sulphuric 
acid has been added. The hematosin is thereby dissolved, 
while the globulin remains in combination with sulphuric add, 
as a colourless or grey mass. The alcoholic solution while yet 
hot is mixed .with carbonate of ammonia, and filtered from sul- 
phate of ammonia and some globulin which precipitate. The 
solution is reduced to about 1-1 2th by distillation, whereby the 
hematosin remains as an insoluble pulverulent residue. 

Hematosin is of a dark-brown colour, tasteless and insoluble 
in water, alcohol, and ether. It dissolves of a red colour in 
alcohol containing either an alkali or an acid. In aqueous solu- 
tions of the alkalies it dissolves of a dark blood-red colour ; it 
is insoluble in hydrochloric add. When burned it leaves behind 
a notable quantity of peroxide of iron. The analysis of hema- 
tosm gives : 



Carbon 


• . . • 


65.84 


Atomfl 

44 


Hydrogen 


. • • • 


5.37 


22 


Nitrogen . 


. . a a 


10.40 


3 


Oxygen . 


• • . . 


11.75 


6 


Peroxide of 


iron . . 


6.64 


1 



100,00 

M. Scherer has, however, shewn that the oxide of iron is not 
essential to hematosin, nor necessary to the colour of blood. 
The matter of the blood globules after being dried was intimate- 
ly mixed in a mortar with concentrated sulphiuic acid, and the 
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mass afterwards diluted with distilled water^ and allowed to 
settle. The liquid above was perfectly clear and colourless^ 
and contained sulphate of iron. The insoluble blood-mass was 
washed on a filter with water, so long as the washings con- 
tained iron. Boiled afterwards in alcohol^ the mass coloured 
the spirit intensely red. On neutralising the sulphate of the 
colouring matter, the compound in solution, with ammonia, 
much albumen fell, which was dried and ignited ; it left a white 
ash, in which not a trace of iron could be detected. The blood 
red solution in alcohol therefore contained no iron. 

GLOBULIN. 

This substance is the principal constituent of the blood glo- 
bules ; it is a protein compound and closely allied to albumen. 
But it has not been isolated, and little is known respecting it. 
The sulphate of globulin which remains behind in the prepara- 
tion of hematosin, described above, consists of 4 atoms of pro- 
tein, united with 1 atom of sulphuric acid. TJie nature of the 
matter forming the clear nucleus of the globules is still less under- 
stood, but it appears more like coagulated fibrin than anything 
else. 

The matter of the blood globules, or the globulin and hema- 
tosin together, may be obtained by mixing blood freed from 
fibrin, with a solution of sulphate of soda, in which the matter 
of the globules is insoluble and precipitates; or by draining the 
serum out of the clot of blood cut into thin slices, upon folds of 
blotting paper, and afterwards mixing the clot with water, in 
which the matter of the blood globules dissolves of a brown-red 
colour and transparent. It is soluble in pure water, insoluble 
in serum. When its solution is mixed with salts of an alkaline 
base or with sugar, and exposed to air, it becomes of a lively 
red. The solution of the matter of the blood globules may be 
evaporated at 122*^ without losing its solubility ; but when heated 
it coagulates, before its temperature rises to 181% and precipi- 
tates insoluble. Both in its coagulated and soluble state the 
matter of the blood globules exhibits similar effects with reagents 
as albumen in the same conditions. M. Simon has lately main- 
tained that this matter is composed of casein and hematosin, 
but coagulation by heat is not a property of casein. 
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GELATIN. 

This is the basis of glue, size, and animal jelly, and is 
obtained by the action of boiling water upon skin, tendons, liga- 
ments, cellular tissue, and serous membranes. These materials 
are dissolved almost entirely, by continued digestion in boiling 
water, and the solution forms a jelly on cooling. A substance 
is obtained from the permanent cartilages, by a similar treatment, 
which also gelatinizes, but is not precipitated by tannin, and 
differs in other respects from gelatin ; the latter substance 
was first distinguished, as a peculiar principle, by Miiller, and 
named chondrin. Gelatin is not found in the blood or any of 
the healthy fluids, nor does it exist as such in the solids, but is 
a product of their alteration by boiling water, as dextrin and 
starch-sugar are products of the alteration of starch by the 
same agent. 

Gelatin is distinguished by its ready solubility in warm water, 
and property of forming a stiff jelly when it cools. As prepared 
firom different materials, gelatin differs considerably in viscidity* 
Its viscidity, as prepared from skins, is inversely as their softness 
and flexibility. The most adhesive of its forms, glue, is prepared 
from the clippings of hides, hoofs and other refuse of the tan- 
yard. The soli^tion is boiled, filtered above 120®, and after 
evaporation poured into square boxes to gelatinize. The jelly 
is cut into slices, and when dried in the air upon a netting takes 
the form of the cakes of glue. Glue is dissolved for use by a 
water-bath heat, after being sofltened by steeping in cold water. 
Size, which is less tenacious and adhesive, is prepared from 
parchment, fish skin and several animal membranes 3 isinglms 
from the entrails of several species of fish, particularly the stur- 
geon. The latter gelatin ^ves a colourless solution, which has 
no disagreeable taste or odour ; it forms a firm jelly on cooling 
when dissolved in 100 times its weight of water. 

Gelatin is insoluble in alcohol and ether. When burned it 
leaves behind a small portion of bone-earth. Its solution in 
water is not precipitated by alum, by neutral protosulphate of 
iron, by either the neutral or basic acetate of lead ; all of which 
precipitate a solution of the chondrin of cartilage. Gelatin is 
readily soluble in diluted acids and alkalies. Its solution in 
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acetic acid is very gluey, but does not gelatinize. Oelatin is not 
precipitated by corrosive sublimate, which throws down al- 
bumen. 

Gelatin forms a white compound with tannic acid, tanno- 
gelatin, which is precipitated by a strong infusion of gall-nuts, from 
a solution of gelatin in 5000 times its weight of water. 
The white flocks adhere to each on stirring, aud form a soft, 
tenacious, and elastic mass, which is of the same composition 
with, and has considerable resemblance to leather. The skins 
of animals are tanned, after being cleaned and deprived of the 
cuticle and hair by lime-water, and allowed to enter into a 
degree of putrefaction to soften them, by submitting them to 
the action of infusion of oak bark, or other astringent vegetable 
matter, the strength of which is gradually increased until a com- 
plete combination takes place. The tannin is taken up by the 
skin, of which the weight is considerably increased by this treat- 
ment. In the tanning of thick sole-leather many months' 
digestion in the tan-pit is required, but the process has of late 
been considerably shortened by slightly heating the infusion of 
oak-bark by means of steam. The skin is greatly altered by its 
combination with tannic acid, losing its solubility in boiling 
water, and becoming nearly indestructible by atmospheric agen- 
cies ; the animal matter it contains is no longer suitable for the 
preparation, of prussiate of potash, by fusion with an alkali. 

^' Tawed leather \a made by impregnating the skin duly prepared 
by washing in potash liquor, with a solution of alum and com- 
mon salt; it is afterwards trodden in a mixture of yolk of eggs 
and water. The alum and salt re-act on each other so as to 
produce sulphate of soda and chloride of aluminum ; the latter 
salt combines with the skin. White glove leather is thus pre- 
pared. 

^' Wash leather is another important manufacture ; in this, the 
skin, afler being prepared and softened, is imbued with oil, and 
afterwards subjected to a weak alkaline solution. 

'^ Curried leather, is made by besmearing the skin, or leather, 
while yet moist, with common oil, which, as the humidity 
evaporates, penetrates into the pores of the skin, giving it a 
peculiar suppleness, and making it to a considerable extent 
waterproof. As famiUar examples of these processes, the thick 
sole leather for shoes and boots is tanned ; the upper leather is 
tanned and carried \ the white leather for gloves is tawed ; and 
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fine Turkey leather is tawed, and afterwards slightly tanned/* 
(Aikin's chemical Dictionary, art. Leather^ quoted in Brande's 
Manual). 

Chlorine transmitted through a solution of gelatin throws 
down a white elastic substance in shreds, which smells of 
chlorous acid, while humid ; it may be obtained in a dry state^ 
by careful drying, and is a definite compound of imaltered 
gelatin with chlorous acid. 

The composition of gelatin has also been examined by &f • 
Scherer. He found isinglass, washed with ether to free it from 
fiitty matters, to leave when burned 0%5 per cent of earthy 
ashes« 

Tendons macerated for a short time in cold water, and after- 
wards boiled successively in alcohol and ether, and dried at 
212", left on being burned, 1.6 per cent of ashes. The purified 
tendons, analysed by combustion with chromate of lead, 
gave: 



Carbon. 


. 50.774 


Hydrogen. 


. 7.152 


Nitrogen. 


. 18.320 


Oxygen. 


. 23.754 



100.000 

This result was confirmed on repetition of the analysis. It leads 
to tlie following empirical formula for gelatin C^H^iNj^Oig. 
M. Scherer observes that if this formula be doubled, gelatin 
will contain the elements of 2 atoms of protein, with 3 atoms 
of ammonia, and 7 atoms of oxygen. 

Products of the alteration or decomposition of gelatin. — By 
long digestion, particularly at a temperature considerably above 
212% gelatin loses its power of gelatinizing, and when dried by 
evaporation forms a yellowish gummy mass, which dissolves 
easily in cold water. 

Concentrated sulphuric acid dissolves gelatin, colourless. If 
the solution is diluted with water and boiled for a long time, 
gelatin sugar is obtained from it, on saturating with chalk. 

A concentrated solution of caustic alkali when boiled with 
gelatin separates ammonia from it, and converts it into leucin 
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(page 1027.) and gelatin sugar. To separate these substances, 
the alkaline solution is saturated with sulphuric acid, after 
ammonia ceases to escape, evaporated to dryness, and the 
mass boiled with alcohol which dissolves out the leucin and 
gelatin-sugar. The alcohol being distilled off, the residue is 
washed with small quantities of cold alcohol at a time, by which 
the very soluble leucin is taken up. The residuary gelatin-sugar 
may then be dissolved in a larger quantity of boiling alcohol, 
and crystallizes by spontaneous evaporation. 

Gelatin-sugar or glydcolly CaHyNjOg-f 2H0, crystallizes in 
pretty large rhomboidal prisms, is colourless, inodorous, and 
very sweet. It fuses at 352**, but undergoes decomposition ; is 
soluble in 4i parts of water, in 900 parts of spirits of ^dne, and 
insoluble in ether. The solution is precipitated by no metallic 
salt, nor by tannic acid. But glycicoll combines with oxide of 
lead, when digested upon it, and then loses two atoms of water 
(Mulder). 

According to a late analyses by Boussingault, who does not 
appear, however, to have been aware of Mulder's analyses, the 
composition of glycicoll is Cjg Hig N4 Oj^; of its compound 
with oxide of silver, C16H15N4O11+4 Ag O. (Ann. de Chim., 
&c. 3 ser. p. 257)* 

Glycicoll dissolves without decomposition, in hot nitric acid ; 
it forms a combination with that acid, CgHyNjOg-f 2NO5 + 
4HO, which crystallizes in colourless prisms, and forms double 
salts with bases. The composition of the double salt of lime, 
which does not deliquesce in air, is CaO, C8H7N2O5+2 (CaO, 
NO,). 

CHONDRIN. 

This variety of gelatin is derived from the permanent cartila- 
ges, such as those of the ribs, joints, wind pipe and nose, and 
cartilaginous bones before ossification, from the cornea of the 
eye, and also according to Miiller, from bones in a state of caries. 
Chondrin is slowly dissolved out of these substances by boiling 
water. 

The solution of this substance fixes on cooling, like that of 
gelatin, and when it becomes dry, by evaporation, has the ap- 
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pearance of solid glue. But it is not precipitated by tannic acid ; 
on the other hand it gives precipitates \irith acetic acid, alum, 
acetate of lead and protosulphate of iron, iivhich do not disturb a 
solution of gelatin. Chondrin leaves behind when burned above 
4 per cent of bone earth. It appears also, like the protein com- 
pounds, to contain a small portion of sulphur in combina- 
tion. 

M. Scherer analysed this substance in its natural state, before 
it is altered by boiling, operating upon the rib-cartilage of young 
calves and the cornea. The cartilage was scraped clean by a 
knife, then digested in water containing some nitrate of potash 
in solution, to dissolve out albumen, and afterwards boiled in 
alcohol and ether for the extraction of fat. Dried at 212o, it 
left when burned 6.6 per cent of earthy ashes. The results of 
an analysis of this chondrin and also of that of the cornea were 
as follows : 





From rib-cartilage. 


From the cornea. 


By calcalatlon. 


Carbon. 


50.895 


49.522 


50.745 


Hydrogen. 


6.962 


7.097 


6.904 


Nitrogen. 


14.908 


14.399 


14.692 


Oxygen. 


27.235 


28.982 


27.659 



100.000 100.000 100.000 

From which, M. Scherer deduces the following empyrical 
formula for chondrin, C48H4oNeO^. Chondrin thus contains 
the elements of one atom of protein, with 4 atoms of water, 
and 2 atoms of oxygen. 

Middle coat of the arteries. — ^This is a highly elastic mem- 
brane, of a yellowish white colour. Puri6ed in the same man- 
ner as the rib cartilage, and dried at 212®, it left, when burnt, 
1.7 per cent of ashes. Its analysis gave a result considerably 
different from that of chondrin, namely : 





X. 


XI. 


By calculation. 


Carbon. 


. 53.750 


53.393 


63.91 


Hydrogen. 


. 7.079 


6.973 


6.96 


Nitrogen. 


. 15.360 


15.360 


15.60 


Oxygen. 


. 23.81 1 


24.274 


23.53 



100.000 100.000 100.000 
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The matter of the middle coat of arteries is therefore repre- 
sented by C43H38NeOig ; which is equivalent to J atom of pro- 
tein plus 2 atoms of water (Scherer). 

Membranous and compact homy matter. — ^This substance is a 
product of the organism not subject to reabsorption^ and differs 
in that respect from all the others yet considered. 

The membranotis homy matter constitutes the epidermis, in 
particular, or outer skin, and also the epithelium in its different 
modes of formation. The scaiy epithelium which forms the 
inner surface of the blood and lymph vessels, the inner surface 
of many mucous and serous sacs, &c. The columnar epithelium 
which forms the surface of the intestinal canal, as well as the 
surface of the passages from most glands. The ciliated epithe- 
lium which forms the surface of the mucous membrane of the 
organs of respiration, &c. 

The compact horny matter constitutes hair, horn, nails, claws, 

&c. 

I. M. Scherer's analysis of membranous homy matter was 
made upon the epidermis of the sole of the foot.' It was first 
thoroughly washed with water, then boiled in alcohol and 
ether. Dried at 212", and then burnt, it left 1 per cent of earthy 
ashes. Its composition, by two analyses, was : 



Carbon. 

Hydrogen. 

Nitrogen. 

Oxygen. "I 
Sulphur. J 



1 
51.036 

6.801 

1 7.225 


2 

50.752 

6.761 

17225 


24.938 


25.261 



100.000 100.000 



II. Compact homy matter. — Hair was cut into small pieces, 
well washed and digested in water, and finally boiled in alcohol 
and in ether. Hair of the beard, thus treated, and dried at 
212% left 0.72 per cent of ashes, when burned ; hair of a blond 
colour from the head gave 0.3 per cent of ashes, the black hair 
of a Mexican gave 2 per cent of ashes. The substance of nails 
after similar preparation, gave 0.5 per cent of ashes, wool 2 per 
cent. Horn gave 0.7 per cent of ashes. Each of these substan- 
ces was several times analysed, and the results from all were 

2 Y Y 
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similar, proving that they contain the same principle. Deduct* 
ing the ashes, as usual, the results of one analysis of each 
were : 



Hair. 

Carbon. . 50.652 
Hydrogen. . 6.769 
Nitrogen. . 17.936 

m^. :} "^ 


Horn. 

51.540 

6.799 

17.284 

24.397 


Nan. 

51.089 

6.824 

16.901 

25.186 


Wool. 

50.653 

7.029 

17.710 

24.608 


100.000 


100.000 


100.000 


100.000 



M« Scherer constructs the following formula to express the 
results of these analyses, and to exhibit the relation in composi* 
tion of this class of substances to protein; compact homy 
matter, C48H3gN70i7. This contains the elements of protein 
plus, 1 atom of ammonia and 3 atoms of oxygen. 

Horn, hair, wool and other homy substances dissolve in the 
solution of caustic alkali, with disengagement of ammonia, and 
the formation of some acetic acid. When the alkaline solution is 
neutralised by acetic acid, effervescence occurs from the escape 
of sulphuretted hydrogen, and a substance falls, soluble in an 
excess of acetic acid, which possesses the properties and compo- 
sition of protein. When the solution is precipitated by succes- 
sive additions of acetic acid, the last additions give a yellowish 
white precipitate, which is different from the first. 

Analyses of the protein from hair and of the other substance, 
gave the following results : 

Fratelii Arom hair. Other inbatance fttna hair. 

Carbon. . . 55.150 53.516 

Hydrogen. . . 7-197 7-1*8 

Nitrogen. . . 15.727 14.801 

Oxygen. • . 21.926 24.515 

100.000 100.000 

From the composition of the latter, it is supposed to be the 
same as the enveloping membrane of the albumen and inner 
coat of the lining membrane of the egg. 

Feathers. — ^The material of feathers has hitherto been sop- 
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posed to be of the same nature as horn^ but M. Scherer finds tbe 
composition of the former to be different, and to have conside- 
rable analogy to the second substance derived from hair and 
homy bodies^ as appears by the following analysis : 





Qntllfi. 


By calcaiation. 


Carbon 


• 52.427 


52.457 


Hydrogen 


. 7.213 


6.958 


Nitrogen . 


. 17.893 


17.719 


Oxygen 


. 22.467 


22.866 



100.000 100.000 

The composition is calculated, in the second column, from the 
formula C^s^sJ^^^ie* ^7 which feathers are represented as 
haying 1 atom of oxygen less in their composition than horn. 

Pigmentum nigrum of the eye. — ^This matter, carefully re- 
moved by M. Scherer firom the choroid by means of a hair 
pencil, in distilled water, was strained with the water through 
linen, to separate portions of membrane ; the liquid with the 
black matter in suspension was then evaporated to dryness, and 
the residue boiled in alcohol and ether to purify it. It contains 
considerably more carbon than any of the preceding substances, 
as appears by the following analysis : 



Carbon . 
Hydrogen 
Nitrogen 
Oxygen . 


CTION 


Pigmentam nigrum 
. 58.672 
. 5.962 
. 13.768 
. 21.598 


SE 


100.000 
IV. 



SECRETED FLUIDS SUBSERVIENT TO DIGESTION. 

Saliva. — ^This liquid, which is secreted by the salivary glands, 
contains mucus and very small transparent globules, visible 
under microscope. It leaves, when evaporated, about 1 per 
cent of solid matter, consisting of mucus, several salts of pot- 

2 Y Y 2 
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ash, of which chloride of potassium is the most considerable, 
and a peculiar animal substance^ which is named salivary matter. 
The latter is soluble in water^ not coagulated by boiling nor 
precipitated by metallic salts. In the salivary glands and ducts 
of the horse and ass, concretions are sometimes found, which 
are principally composed of carbonate and a little phosphate of 
lime. The saliva of man and the sheep generally contains a 
trace of sulphocyanide of potassium; the saliva of the sheep 
contains also so much carbonate of soda as to effervesce with an 
acid. 

Gastric juice. — ^The principal constituent of this fluid is the 
peculiar principle, pepsin (page 1030). When collected from 
the stomach during fasting, it is a transparent fluid, of a saline 
taste, which is neutral, but during the process of digestion 
it is distinctly acid from the presence of hydrochloric acid. 

Pancreatic juice. — This fluid, secreted in the pancreas, is 
thrown into the duodenum, or the portion of the small intes- 
tines nearest the stomach, where it mixes with the partially 
digested food or chyme, as the latter leaves the stomach. It 
contains albumen in solution and also a matter like casein ; its 
salts are nearly the same as those of the saliva ; it has a distinct 
acid re-action. The uses of this fluid in digestion are un- 
known. 

BILE AND BILIARY CONCRETIONS. 

The bile which is contained in the gall-bladder is conveyed to 
the duodenum and added to the chyme in digestion. It is a 
greenish yellow fluid, of a peculiar sickening odour, and taste 
whicH is at first sweet, but afterwards bitter and exceedingly 
nauseous. It contains a great variety of substances, of which 
the most peculiar, which are all in a state of true solution, are 
bilin, fellinic acid, cholinic acid and biliverdin, according to the 
latest examination of this secretion, by Berzelius. Besides the 
acids mentioned, it contsdns oily acids combined in common 
with the others with soda, and several other fatty bodies, 
together with cholesterin. To which are to be added mucus, 
an undetermined animal matter, common salt, and the other 
usual salts of animal fluids. The separation of so many sub* 
stances is extremely difficult, and the more so that the consti- 
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tuents of bile are remarkably prone to assume new forms under 
the influence of re-agents. 

BUiny the principal constituent of bile, may be isolated by the 
following processes, (a) The bile of the ox, after the separation of 
its mucus, is mixed with a little acetic acid, then filtered and pre- 
cipitated by acetate of lead. The yellow precipitate, consisting 
of a combination of biliverdin, oleic and margaric acids with 
oxide of lead, is filtered, and the filtered liquid precipitated by a 
solution of the basic acetate of lead. The last precipitate, at 
first white, then yellow and plaster-like, contains fellinic acid in 
combination with a portion of the bile. Most of the bilin 
remains undissolved. The lead in the same solution is precipi- 
tated by sulphuretted hydrogen, and the solution remaining of 
bilin is evaporated carefully to dryness. The bilin so procured 
contains acetate of soda, and is likewise somewhat altered by 
the action of the free acetic acid during the evaporation. It is 
in this condition that bilin has been distinguished by the name 
of bUe-sugar or ptcromel, 

(A) Ox-bile is evaporated to perfect dryness on a water-bath, 
reduced to powder and digested with anhydrous ether, which 
dissolves out aU the fatty bodies not in combination with bases. 
The mass is then dissolved in alcohol, by which, mucus, common 
salt, &c. are left undissolved. To the filtered liquid a solution 
of chloride of barium is added, by small portions at a time, so 
long as a dark green precipitate is formed. The last contains 
the biliverdin or colouring principle. The liquid filtered from 
it is then treated with barytes-water, added gradually, so long as 
a precipitate falls. The colour of different portions of the pre- 
cipitate, as they are successively produced, is dark grey, soon 
becoming green, then brownish yellow, and at last yellow. It 
contains, besides biliverdin, an orange-coloured matter, not yet 
investigated, and margaric acid. 

The liquid filtered from the last precipitate, afler the pre- 
cipitation of the free barytes it contains by carbonic acid, is 
evaporated to dryness, and the mass dissolved again in anhy* 
drous alcohol, which leaves common salt and chloride of barium 
undissolved. Sulphuric acid mixed with an equal bulk of water, 
and then diluted by alcohol, is added gradually to the alcoholic 
solution to precipitate the bases it contains, in the form of sul- 
phates. The liquid again filtered is mixed with freshly predpi- 
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tated carbonate of lead, for the purpose of combining its sul- 
phuric acid and oily acids, and the greater proportion 6f the 
alcohol then distilled off. The liquid thus concentrated is 
filtered from the precipitate of lead salts, freed from lead in 
solution by sulphuretted hydrogen, filtered and evaporated to 
dryness in a water-bath. The transparent, yellow, bitter mass 
which remains, and which was formerly distinguished by Ber- 
zelius as biliary matter, is composed of bilin and fellinic 
acid. 

The last product is dissolved in water and digested with 
finely pulverised oxide of lead, by which it forms a plaster-Uke 
mixture of fellinate and cholinate of lead, and the bilin re- 
mains undissolved. The filtered solution of bilin is evaporated 
to dryness ; and to separate foreign matters, the mass is a^n 
dissolved in alcohol, filtered and evaporated to dryness. What 
remains is bilin. (Orundriss der Organischen chemie von Dr. 
F. Wohler.) 

Bilin is a translucent, colourless, inodorous mass, without 
crystallization, having a bitter and at the same time somewhat 
sweetish taste. It contains nitrogen, and is decomposed by 
heat, with the formation of ammoniacal products. Water and 
alcohol dissolve it in all proportions ; it is insoluble in ether. 
Its solution in water is not precipitated by acids, chlorine or 
metallic salts. Bilin is a readily sJterable substance; by boiling 
with caustic alkah, it is decomposed and resolved into cholic 
acid and ammonia. It is decomposed by acids into five dif* 
feren^ substances, namely ammonia, taurin, fellinic and cholinic 
acids, and dyslysin ; a decomposition which may occur in the 
bile of the living body. 

When bilin is dissolved and digested in dilute hydrochloric 
acid, an oily substance presents itself, consisting of bilin in 
combination with fellinic and cholinic adds, which by farther 
digestion changes into a resin-like mass, insoluble in water. 
The solution then contains sal ammoniac and tauiin ; while the 
resinous mass consists of fellinic and cholinic adds with dyslysin. 
The two former may be dissolved out of the resinous mass by 
cold alcohol. 

Dyslysin remains undissolved in the last operation, as a resin- 
like mass. It dissolves^ although witii some difficulty, in boiling 
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alcohol, and falls again, after evaporation and cooling, as a 
white earthy mass. It has not been further investigated. 

TauriUy C^H^iiO^Qf discovered by Demar9ay, is a neutral 
substance which crystallizes in colourless regular six-sided 
prisms terminated by four or six-sided pyramids, of a weak taste ; 
and is fusible by heat without decomposition. It is soluble in 
fifteen and a half times its weight of water at 53*^6 (12® centig.); 
insoluble in absolute alcohol. It is dissolved without decom- 
position by concentrated sulphuric and nitric acids, and gives no 
reactions with the ordinary reagents. 

Taurin may be derived directly from unprepared bile, when 
the latter, aflter precipitation of its mucus by hydrochloric acid, 
is boiled for a long time with an excess of the same acid ; the 
liquid is poured off from the precipitated resinous acids, con- 
centrated by evaporation, mixed with alcohol and set aside. 
The taurin crystallizes out mixed with common salt^ the 
former is purified by solution in boiling water and crystalliza- 
tion. Taurin is the only one of these products that has been 
analysed. 

Cholic add may be prepared directly from bile, by precipi- 
tating the latter with acetate of lead, boiling the filtered solution 
with caustic potash, so long as ammonia escapes, and then 
adding acetic acid. The cholic acid separates in large white 
flocks, which soon assume a crystalline appearance. 

Cholic acid crystallizes in fine needles, which when pressed 
together form a mass of a silky lustre, of which the taste is at 
once sharp and sweet; it is fused by heat, and bums hke a fat. 
It is sparingly soluble in water, highly soluble in alcohol. It 
forms salts, with alkalies, of a sweet taste. 

Fellinic add is contained, with bilin and cholinic acid, in the 
plaster-like lead compound formed in the preparation of bUin, 
and in the alcoholic solution of the resinous mass produced by 
the treatment of bilin by hydrochloric acid. Its separation from 
cholinic acid is effected by saturating the last mentioned alco- 
holic solution with dilute ammonia and concentrating by eva^- 
poration : the cholinate of ammonia is then deposited as a hard 
mass, while the fellinate of ammonia remains dissolved. The 
addition of hydrochloric acid throws down the fellinic acid in 
white flocks. 
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After being washed and dried, fellinic acid forms a white, 
earthy, inodorous and bitter mass which fuses without decom- 
position at 212°. In boiling water it undergoes fusion and 
dissolves to a small extent ; in alcohol it dissolves easily and 
the solution has the bitter taste of bile; in ether it is also 
soluble. Its salts of alkaline bases are soluble both in water 
and alcohol, but insoluble in an excess of alkali, and then pre- 
cipitated as a plastic plaster-like substance. The salts of lead 
and barytes, which are insoluble, have the same appearance. It 
enters into combination with bilin, and forms in union with it 
a compound acid, which should be named bil^ellinic acid. 

Cholinic acid is separated from its salt of ammonia lately 
mentioned, by hydrochloric acid, in the form of white flocks, 
and becomes by aggregation, on drying, an easily pulverised 
mass. It is readily fused by the heat of hot water, in which it 
is wholly insoluble ; it dissolves easily in alcohol. 

Biliverdin is separated from its compound with barytes, men- 
tioned under bilin, by digestion in dilute hydrochloric acid 
which dissolves the barytes. The residue of biliverdin is 
purified by solution in alcohol and precipitation from the latter 
by water. It forms a brilliant, greenish brown tasteless mass, 
insoluble in water, dissolving easily in an alkali, and precipitated 
from that solution in green flocks by an acid. It dissolves of 
a fine green colour in hydrochloric acid, and of a red tint in 
acetic acid. This principle of bile contains no nitrogen. The 
biliverdin of the bile of the ox appears to be identical with the 
chlorophyl of plants. That of carnivorous animals is dififerent, 
although it may contain the same matter in combination with 
another substance. Such a substance appears to be the prin- 
cipal constituent of the yellow matter forming the concretions, 
found in the ox, which from ,the beauty and permanence of its 
tint is much prized by painters. These gall stones dissolve in 
caustic potash of a greenish brown colour, giving a solution 
which when over- saturated with nitric acid, becomes first green, 
and rapidly in succession blue, violet and red, and finally 
yellow. 

Cholestenfiy C37H32O. — ^This is a crystallizable substance 
which may be dissolved out of inspissated bile, by ether ; it is 
also a constituent of the brain and nerves. It is contained in 
largest proportion by the gall stones of the human subject. 
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which generally consist of this substance combined with a 
portion of the yello^ colouring matter of the bile. Cholesterin 
may be obtained by digesting these concretions in a solution 
of potash^ by which the colouring matter is readily dissolved, 
and the cholesterin left white ; or by dissolving them in boiling 
alcohol, in which the colouring matter is insoluble. 

Cholesterin crystallizes from an alcoholic solution in colourless 
small plates, of a pearly lustre ; is insoluble in water, tasteless, 
fuses at 278°.6 (137® centig.), and solidifies again in a crystalline 
condition. If strongly heated apart from air, it sublimes 
unchanged in a great measure, and condenses in plates. It is 
but sparingly soluble in cold alcohol ; is not altered by caustic 
alkalies. 

The bile appears to act as a stimulus to the intestinal canal 
generally and to assist in dividing the chyme into chyle and 
fecal matter, by combining with the latter. 

Chyle, — ^This is. the fluid absorbed by the lacteal vessels 
from the small intestines during the process of digestion. As 
drawn from the thoracic duct of a mammiferous animal, it is an 
opaque milky liquid, in which two kinds of globules are per- 
ceived by the microscope. This liquid has already a consider- 
able resemblance to blood; it soon coagulates; the clot reddens 
in the air and contains fibrin. The serum which separates is 
composed, with the usual undetermined animal substances and 
salts, principally of albumen and fat, which last comes to the 
surface, and is what constitutes, without doubt, one of the two 
species of chyle-globules. 

Excrements. — ^The excrements of man usually contain about 
25 per cent of solid matter, which necessarily varies consider- 
ably with the nature of his food. Besides the indigestible 
residue of the food, it contains mucus, an undetermined ex- 
tractive matter, fat, salts and the whole constituents of the bile, 
to which it owes its colour. From the incineration of 100 
parts of dried excrements, 15 parts of ashes have been obtained, 
* which were principally composed of the phosphates of lime 
and magnesia. The value of night soil as manure is 4iscribed 
chiefly to these salts, and salts of ammonia from the urine. 
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SECTION V. 

LIQUIDS OF SEROUS AND MUCOUS SURFACES AND PURULENT 

MATTER. 

Lymph, — ^The liquid which moistens the surface of cellular 
membrane is called lymph; it is chiefly water^ but contains 
a sensible quantity of common salt and of albumen, and when 
concentrated a trace of alkali sufficient to afTect test-paper. 

The liquid secreted by serous membranes, such as the 
pericardium, pleura and peritoneum, resembles lymph, but 
contains so much as 7 or 8 per cent of albumen and salts, and 
is distinctly alkaline, from the presence of carbonate or albu- 
minate of soda. The liquor amnios and fluid of hydatides are 
of the same composition. The water of dropsy contains in 
addition urea, and cholesterin suspended in fine plates. Ail 
these liquids become turbid or coagulate, when boiled, or upon 
the addition of nitric acid to them. 

Mucus. — ^This is the liquid secreted by mucous surfaces, 
such as the nostrils. The mucus of the nostrils usually 
contains about dS per cent of water, 5 per cent of mucus, with 
a trace of albumen and the usual salts. Mucus is insoluble in 
water, but imbibes it and swells up, so as to form a ropy liquid, 
as if it were dissolved. It shrinks up in concentrated acetic 
acid, and is not dissolved. When dry it is yellow. It dissolves 
in caustic alkali, and forms a thin Uquid. Mucus contains 
nitrogen, but its composition is otherwise quite unknown. 

Pus.^^The matter secreted by an inflamed and ulcerated 
surface is named pus. From a healing sore it is a yellowish 
white liquid, of the consistence of cream, which consists of 
round opaque globules floating in a transparent liquid. It is 
insoluble in water, but maybe diffused through it ; on standing, 
the globules fall as a yellow sediment, and the supernatant 
liquid becomes dear and colourless. 

Pus contains about 86 per cent of water, and 14 per cent of 
soUd matter. It is coagulated by heat and by alcohol. There 
have been found, by analysis, in pus, two albuminous principles, 
several fatty bodies besides cholesterin, with the usual salts 
and undetermined extractive matters. 
The matter of the corpuscles of pus considerably resembles 
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the globulin of blood. They are soluble in acetic add with 
the exception of an exceedingly minute nucleus. The serum of 
pus contains albumen and another substance in larger quantity, 
to which the name pyin is applied, of which the solution in 
water is precipitated by alcohol, tannin, acetic acid, and most 
completely by alum, but not by ferrocyanide of potassium ; the 
precipitates are insoluble in an excess of the reagents. 

From mucus pus is distinguished by its different external 
characters, by the different form and smaller size of its 
microscopic corpuscles^ by its different relations to water, and 
particularly by its becoming with caustic alkali, thick slimy and 
gelatinous, and in acetic acid assuming the appearance of an 
emulsion, while mucus becomes thinner with an alkali, and 
with acetic acid coagulate as a flocky matter which unites 
into a thready mass. 



SECTION VI. 



BLOOD, MILK, URINE. 



Blood. — ^The constitution of the blood has already been de- 
scribed under the principal constituents of the clot, fibrin, hema- 
tosin and globtdin, and albumen the chief constituent of the 
liquid portion. It is always alkaline from a salt of soda, proba- 
bly the carbonate. 

The following table exhibits the results of two careful ana- 
lyses of humaii blood by M. Lecanu. (Ann. de Chim. &c. 
xlviii. 308.) 

Water. • ... 

Fibrin. . ... 

Colouring matter (hematosin and globulin). 
Albumen. • • . . 

Crystalline fatty matter. 
Oily matter. • . • 

Extractive matter soluble in water and alco- 
hol. • ... 
Albumen combined with soda. 



Hnmaii blood. 

780.145 785.590 


2.100 


3.565 


133.000 


119.626 


65.090 


69.415 


2.430 


4.300 


1.310 


2.270 


1.790 


1.920 


1.2G5 


2.010 



1052 



BLOOD, MILK, URINE. 



Chloride of sodium, 
potassium. 



of potash and soda. 



Carbonates 

Phosphates 

Sulphates 

Carbonates of lime and magnesia. 

Phosphates of lime^ magnesia^ and iron. 

Peroxide of iron. 

Loss. • . . • 



8.370 7.304 



2.100 
2.400 



1.414 
2.586 



100.000 100.000 



Milk. — ^The history of this fluid has been partly given under 
its characteristic constituents casein, milk-sugar, and the acids 
of butter. It contains from 10 to 13 per cent of solid matter^ 
the rest is water. It is not coagulated by heat, but readily by 
all sour liquids and by rennet. When heated, a skin of coagu- 
lated casein forms on its surface. The butter of milk consists 
of margarine, oleine and butyrine (page 954). 

Milk may be made to undergo the vinous fermentation^ 
although very slowly, and only after it contains lactic acid ; 
which acid probably converts the milk-sugar into grape-sugar 
before the fermentation occurs. 

An excellent examination has been made by MM. O. Henry 
and A. Chevallier, of the comparative composition of woman's 
milk, the milk of the cow and ass, of which I subjoin the results. 
(Journal de Pharmacie XXV. 333 et 401. 







ORDINARY MILK, 


> 




Woman. 


Am. 


Cow. 


Cheese. 


1.52 


1.82 


4.48 


Butter. 


3.55 


0.11 


3.13 


Sugar of ipilk. 


6.50 


6.08 


4.77 


Salts (or mucous 








matter). 


0.45 


0.34 


0.60 


Water. 


87.98 


91.65 


87.02 



100.00 



100.00 



100.00 



Urine. — This fluid is secreted by the kidneys from the arte- 
rial blood. The average density of healthy human urine is 
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1.0125, but it occasionally rises to 1.030; it is acid from free 
lactic acid. On standing it deposits a slimy mucus, and after a 
time, when stale, becomes alkaline from the formation of carbo- 
nate of ammonia. The latter salt is produced from the urea, 
which is accompanied in urine by a minute quantity of a fer- 
menting principle, which occasions this transformation. Urine 
in its usual condition contains from 7 to 8 per cent of solid 
matter, the rest is water. Its characteristic constituents are 
urea (page 993) and uric acid (page 1002) ; the former is free 
or in combination with lactic acid, the last in an unknown 
combination. 

Besides its usual saline constituents, the urine may contain in 
solution various bodies drawn by the kidneys from the blood. 
Many salts, such as nitrate of potash, ferrocyanide of potas- 
sium, pass through the circulation and are thrown off by the 
urine unaltered ; so also are the organic acids, tartaric, oiuilic, 
&c. when free ; but the salts 'with dkalies of the same acids ap- 
pear in the state of carbonates, and render the urine alka- 
line. 

M. Lecanu has obtained some valuable results respecting the 
proportions of these substances in the urine of man, as affected 
by age and sex, which he deduces from a series of 120 analyses 
of urine. 

He found that the quantity of urea passed in twenty-four 
hours^ is in grammes (1 gramme = 15.44 grains troy) : 





Hlnlnram 


Mean 


Haximum 


By men. 


23.155 


28.0525 


83.055 


By women. 


. 9.926 


19.1165 


28.307 


By old men (84 to 86 years). 


. 3.956 


8.1105 


19.116 


By children of eight years. 


10.478 


13.4710 


16.464 


By chUdren of four years. 


. 3.710 


4.5050 


5.300 



The quantity of uric acid discharged is, like the urea, sensi- 
bly the same for the same individual in equal times, but varies 
much in different individuals. This difference was found to be 
in the twenty-fours, 0.362 to 1.343 grammes in the male adults, 
0.229 to 0.652 in the old men, 0.394 to 0.907 in the women, and 
0.198 to 0.32 in the children. (Joum. de Pharmacie, XXV, 681 
et 746). 



1054 



BLOOD, MILK, URINE. 



The following analysis by Berzelius exhibits the composition 
of urine injts ordinary state^ in 1000 parts : 



Water. 


1 1 


4 


. 933.00 


Urea. . . • . , 


30.10 


Uric acid. . . . . , 


1.00 


Free lactic acid^ lactate of ammonia, and ani- 




mal matter not separable firom them. 


17.14 


Mucus of the bladder. 


0.32 


Sulphate of potash. 






3.71 


Sulphate of soda. 






3.16 


Phosphate of soda. 




/ 


2.94 


Phosphate of ammonia. 






. . 1.65 


Chloride of sodium. 






4.45 


Hydrochlorate of ammonia. . 






1.50 


Earthy matters^ with a trace of fluate of lime. 


1.00 


Siliceous earth. 


■ ( 


1 1 


0.03 



URINARY CONCRETnONS. 



There are several distinct species of urinary calculi. 

1. Xanthic oxide, a very rare calculus^ discovered by Dr. 
Marcet. It has a light brown or bright brown surfiBM^ ; its firac- 
ture is scaly^ with a brown or deep flesh colour^ and becoming 
resinous by friction. It is distinguished by being entirely 
soluble in caustic potash, and precipitated by carbonic add. 
It is thrown down as a white precipitate, which agglutinates 
in drying, and forms a pale-yellow, hard mass, which acquires 
a waxy lustre by friction. It is soluble in alkaline carbo- 
nates ; also in nitric acid without effervescence. Its composition 
is expressed by CgN^HaOa. 

2. Cystic oxide, a rare calculus, discovered by Dr. Wollas- 
ton. It appears, when broken, to form a yellowish-white, 
confused crystalline mass, having a brilliant waxy lustre. It 
is distinguished by its solubility in caustic potash, from which 
it is deposited on tlie addition of acetic acid, in hexagonal 
plates. It is also soluble in ammonia. The mineral acids 
dissolve cystic oxide with ease, and form crystalline com- 
pounds with it. The compound with hydrochloric acid is 
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anhydrous, and contains 1 atom of cystic oxide and of the acid. 
The nitrate contains 2 atoms of water, one of which it loses 
at 105®. The solution of cystic oxide in an alkali or alkaline 
carbonate is decomposed by heat, ammonia first coming off, and 
then as the evaporation proceeds, a combustible gas, which 
smells like sulphuret of carbon. This calculus contains sulphur, 
and is represented by C6NH604Sa (Thaulow). 

3. OxeUate qfUmey or mulberry calculus, has a dark-coloured 
tuberculated surface, is very hard and compact, rarely large. 
It is easily distinguished by the circumstance that its powder 
does not dissolve in acetic acid ; but after being heated on a 
spatula to low redness, in the flame of a spirit-lamp, it dis- 
solves readily in that acid with effervescence, the oxalate of 
lime having been converted into carbonate. The composition 
of crystallized oxalate of lime is CaO,C303 + 2HO. 

4. Bone-^arth calculus ; its surface is pale brown and quite 
smooth, as if it had been polished. It is compact, and 
when sawed through, appears very regularly laminated. It is 
distinguished by its powder dissolving in dilute nitric and 
hydrochloric acid, but not in acetic acid, nor in solution of 
caustic potash. It appears white and not easily fused before 
the blow-pipe. The composition of bone-earth is expressed by 
8CaO,HO + 3P05. 

2. jimmoniaco-magnesian phosphate calculus is composed of 
the phosphate of magnesia and ammonia, which precipitates 
in granxdar crystals when phosphoric acid is added to a mixed 
solution of a salt of magnesia and ammonia (page 508). It is 
white and less compact than the last, and sparking crystals of 
the salt are often perceptible in the mass. It emits ammonia 
when heated to 212*^, is dissolved by cold acetic acid and pre- 
cipitated again on neutralising the acid. It emits ammonia 
when digested in a solution of potash, but does not dissolve. 
It fuses into a white pearly globule by strong heat of the blow 
pipe. The composition of cxystallized phosphate of magnesia 
and ammonia is 2MgO.NH40,P05 + 14HO. 

6. The fusible calculus is a mixture of the two last, is com- 
mon in old and exhausted subjects, and often attains a large 
size. It is commonly white, rather friable and chalky ; its 
fracture rugged and uneven, and surface dusty. It melts easily 
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before the blow pipe into a pearly globule. Part of it dissolves 
in acetic acid^ the rest in hydrochloric acid. 

7. The uric ctctd calculus is perhaps the most common. It 
is usually of an oval form, of a brownish or fawn colour and 
smooth surface, and composed of concentric layers round a 
central nucleus, which is often foreign matter. Consisting of 
volatile elements, like the first and second species, it is con- 
sumed before the blow pipe, leaving only a trace of white ash. 
The powder of this calculus is soluble in a dilute and warm 
solution of caustic potash, and on adding an acid, uric acid is 
precipitated as a white powder. It is dissolved with effervescence 
by nitric acid of the ordinary strength, and the solution when 
evaporated nearly to dryness, and treated with a drop of am- 
monia exhibits the beautiful pink colour of murexide (see uric 
acid, page 1003). The formula for uric acid is C10H4N4O6. 

8. The urate" of ammonia forms a comparatively rare calculus. 
It has the chemical properties of the last species, with the 
additional property of emitting ammonia when dissolved in a 
dilute and warm solution of caustic potash. 

SECTION VIII. 

SOUD PARTS OF ANIMALS. 

Bones. — ^W^hen bones are digested in very dilute hydrochloric 
acid, their earth is dissolved out, and an organic matter remains, 
consisting of cartilage, which retains the form of the bones. 
This matter when moist is flexible and elastic ; by drying it 
shrivels up and becomes brittle, but remains translucent. It is 
entirely dissolved by boiling in water, and gives a solution of 
gelatin (page 1036). Water heated above 212®, under pressure, 
dissolves the cartilaginous matter entirely out of bones^ and 
leaves the pure bone-earth. 

When bones are distilled in a close vessel, they yield ammo- 
nia and oily volatile products, while the earth remains behind, 
black, from the presence of 8 or 10 per cent of charcoal, which 
in this divided state and associated with the earth, has a high 
decolourising power. It forms animal charcoal, bone or ivory 
black. Bones burn white, on the other hand, in an open fire, 
and leave the bone-earth. The phosphate of lime in bones is 
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peculiar^ it contains 8 proportions of lime to 3 of phosphoric 
acid, or 8CaO +3PO5 ; but it is undoubtedly a compound of two 
tribasic phosphates of lime, namely, 2CaO,HO,P05 + 
2(3CaO^P05; f containing 1 atom of water before calcination* 
The proportion between the earth and cartilage varies in dif- 
ferent bones; the human scapula has been found to contain 54^, 
the temporal bone 63^ per cent of bone-earth. Human bones 
well dried are said to contain 1 1 per cent of carbonate of lime, 
which is three times the quantity in the bones of the ox. Fluo- 
ride of calcium is also found in bones, although not uniformly 
present according to Dr. Rees' observations. The salt in ques- 
tion occurs in fossil bones, and is contained in considerable 
quantity in the human bones found in Herculaneum. In weak 
or ricketty bones the proportion of bone earth has been found 
diminished by 14 per cent. M. Valentin finds, by the analysis 
of morbid osseous formations, that the callus and exostosis 
contain more carbonate of lime than the sound bone upon which 
they form, and that, on the contrary, the caries contains a quan- 
tity of carbonate of lime smaller by several per cent than the 
sound bone. 

The teeth are composed of the same materials as bone, but 
contain less cartilage ; usually about 64 per cent of phosphate 
of lime, about 6 per cent of carbonate of lime with carbonate of 
magnesia, and 28 per cent of cartilage. The ivory of the teeth 
contains no cartilage, about 88 per cent of phosphate of lime, 
with some fluoride of calcium, and 10 per cent of carbonate of 
lime, with magnesia. The antlers of deer have the same compo- 
sition as bone. 

SAifi.— The cuticle o^ epidermis is a coating of horny matter 
(page 1039), without blood-vessels. The mucous membrane 
{rete Malpighi), between the cuticle and true skin, appears to 
consist of the matter of the epidermis not yet hardened. The 
cerium or true skin is completely decomposed by digestion in 
boiling water, and yields a solution of gelatin (page 1036). The 
composition and peculiar characters of the organic matter in 
nails, claws, hoofs, hair, wool, and feathers^ have already been 
described (pages 1041, 1042). All these substances contain, be- 
sides, from i to 2 per cent of bone-earth. 

Human perspiration has an acid re-action, it is supposed from 
acetic acid, but from its observed effects upon the dyed colours 

2 z z 
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of prints, it must occasionally be formic add. Its fixed con- 
stituents amount to from i to 1 ^ per cent, and consist of an 
undetermined animal matter, sal ammoniac, lactate of ammonia, 
chloride of sodium, and the other usual salts. 

Muscle. — ^The threads or fibres of muscle consist essentially of 
fibrin (page 1024), but in addition to fibrin, several other sub- 
stances are present, of which the nature is very imperfectly 
known. Flesh strongly dried, leaves about 23 per cent of solid 
matter, the other 77 per cent are water. Of the dry mass, about 
6 per cent dissolves in water. Water extracts firom hashed 
meat, about 17 per cent of its weight. This extract of meat is 
partly soluble in alcohol and partly insoluble. It is a mixture 
of salts with several organic substances, of which the true 
nature is still very doubtful. These undetermined extractive 
matters occur also in urine and most of the animal fluids. To 
one of them, soluble in both water and alcohol, and the cause of 
the odour of cooked meat, the name osmazame has been ap- 
plied, but the matter so named has not the characters of a pure 
substance. 

The fibrin of all animals is similar, for it has been found by 
Liebig, that the flesh of the ox, the deer^ the cod and pike do 
not diffier in composition. 

The composition of ligaments, cartilage, tendons, &c. has 
already been described (p. 1036). 

Fat. — Human fat appears to contain no stearine, but only 
margarine (page 959), and oleine (page 965). TaUaw, or the 
melted fat of oxen and sheep, on the other hand, consists chiefly 
of stearine (page 961), with a little oleine. It forms excellent 
hard soaps ; in the preparation of which, the melted tallow is 
boiled with a solution of caustic soda, weak at first, but gradu- 
ally increased in strength; the soap floats upon the alkaline 
liquor, in which it is insoluble, while the glycerine of the tallow, 
which has been replaced in combination with the stearic and 
oleic acids, by soda, is dissolved by the water. In the forma- 
tion of the common diachylon plaster, 9 parts of olive oil and 
some water are boiled with 5 parts of levigated litharge ; a com- 
pound of margaric and oleic acids with the oxide of lead results, 
which forms a plastic mass, and is an insoluble soap. Hog's 
lard contains more oleine than tallow, and is softer ; it probably^ 
like human fat, contains margarine, although stearine also is 
undoubtedly present. 
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Brain and nerves. — ^The substance oft the brain has been ex- 
amined by more than one chemist^ but most recently by M. 
Fremy. The brain of man contains 7 parts of albumen, 5 parts 
of a &tty matter, and 80 parts of water. The albuminous por- 
tion, after being coagulated by heat, is insoluble in water, alco- 
hol and ether. The fatty matter is what has principally occu- 
pied attention ; besides portions of the ordinary fatty substances, 
it contains two peculiar acids and cholesterin : 

!• Cerebric acid which when purified is white, and presents it- 
self in crystalline grains. It dissolves without residue in boiling 
alcohol, is almost insoluble in cold ether, more soluble in boiling 
ether. It has the remarkable property of swelling up like starch 
in boiling water, but appears to be insoluble in that liquid. It 
enters into fusion at a high temperature, approaching closely that 
at which it is decomposed, and is combustible. It contains no 
sulphur, but some phosphorus. The result of its analysis by 
Fremy, is 66.7 per cent of carbon, 10.6 of hydrogen, 2.3 of nitro- 
gen, 0.9 of phosphorus, 19.5 of oxygen. 

2. Oleophosphoric acidy which is separated firom the former 
acid, by its solubility in ether. It is still accompanied by 
oleine and cholesterin, which are withdrawn from it by 
alcohol and ether. This acid is of a viscid consistence, 
insoluble in cold alcohol, but dissolving easily in boiling 
alcohol; it is insoluble in ether. Placed in contact with 
potash, soda and ammonia, it immediately gives soapy com- 
pounds. It forms compounds insoluble in water with other 
bases. M. Fremy has observed a remarkable transformation of 
oleophosphoric acid. When boiled for a long time in water or 
alcohol, it gradually loses its viscidity and becomes a fluid oil, 
which is pure oleine; while the liquor contains phosphoric acid. 
This decomposition becomes very rapid, when the liquor is 
rendered slightly acid. Although M. Freray's attempts to form 
this acid directly, by uniting oleine and phosphoric acid, were 
unsuccessful, he still deems it probable that this acid may 
consist of the elements in question, and be analogous to the 
compound of sulphuric acid and oleine or sulpholeic acid (page 
968). It contains from 1.9 to 2 per cent of phosphorus, in the 
condition, it is thus represented, of phosphoric acid. 

M. Fremy has given a process for extracting cholesterin (page 
1048) from the brain, in considerable quantity. 

2 z z 2 
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The constituents of the brain of man^ enumerated by Fremy, 
are : 1. Cerebric acid free or combined with soda, or with phos- 
phate of lime. 2. Oleophosphoric acid free and combined with 
soda. 3. Oleine and margarine. 4. Minute quantities of oleic 
and margaric acids. 5. Cholesterin. 6. Water and an albu- 
minous matter. These results are quite different from those 
previously obtained by M. Couerbe, whose method of inyestiga- 
tion appears to have been defective. 

Fremy found a considerable quantity of cerebral matter in 
the spinal marrow^ and very appreciable quantities of it in cer- 
tain nerves. 

The ^e.«— The scelerotica is dissolved, like the corium, by 
long boiling with water, and ^ves a solution of gelatin ; it is said 
to contain no fibrin. The cornea is composed of cartilaginous 
fibres, and therefore consists of chondrin ; but it contains be- 
sides, a small quantity of fibrin or albumen. The piffmefUum 
fiigrum (page 1043) has considerable resemblance to hematosin. 
The vitreous and aqueous humours consist of water with about 
1^ per cent of common salt, a little albumen and undetermined 
animal matter. The substance of the crystalline lens agrees in 
properties with the globulin of the blood, and may be represent- 
ed as a compound of 15 atoms of protein with 1 atom of sulphur. 
When rubbed in pure water, the greater part of the crystalline 
dissolves ; the solution is coagulated by heat, and forms a gran- 
ular and not a coherent mass. The crystalline undergoes the 
same coagulation when put into hot water, into alcohol, or into 
an add. 
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TABLE I. 

/br the ctmversum of degrees on the Centigrade thermometer into 

degrees of FahrenAeifs scale. 



Cent. 


Fahr. 


Cent. 


Fahr. 


Cent. 


Fahr. 


50» 


—58^.0 


9" 


15^8 


32^ 


89».6 


—49 


—56.2 


8 


17.6 


33 


91.4 


—48 


—54.4 


7 


19.4 


34 


93.2 


—47 


—52.6 


6 


21.2 


35 


95.0 


—46 


—50.8 


5 


23.0 


36 


96.8 


—45 


—49.0 


— 4 


24.8 


37 


98.6 


—44 


—47.2 


— 3 


26.6 


38 


100.4 


—43 


—45.4 


2 


28.4 


39 


102.2 


—42 


—43.6 


— 1 


30.2 


40 


104.0 


—41 


—41.8 





32.0 


41 


105.8 


—40 


—40.0 


+ 1 


33.8 


42 


107.6 


—39 


—38 .2 


2 


35.6 


43 


109.4 


—38 


—36.4 


3 


37.4 


44 


111.2 


37 


—34.6 


4 


39.2 


45 


113.0 


—36 


—32.8 


5 


41.0 


46 


114.8 


—35 


—30.0 


6 


42.8 


47 


116.6 


—34 


—29.2 


7 


44.6 


48 


118,4 


33 


—27.4 


8 


46.4 


49 


120.2 


—32 


—25.6 


9 


48.2 


50 


122.0 


—31 


—23.8 


10 


50.0 


51 


123.8 


—30 


—22.0 


11 


51.8 


52 


125.6 


—29 


—20.2 


12 


53,6 


53 


127.4 


—28 


—18.4 


13 


55.4 


54 


129.2 


27 


—16.6 


14 


57.2 


55 


131.0 


26 


—14.8 


15 


59.0 


56 


132.8 


—25 


—13.0 


16 


60.8 


57 


134.6 


—24 


—11.2 


17 


62.6 


58 


136.4 


—23 


— 9.4 


18 


64.4 


59 


• 138.2 


—22 


" 7.6 


19 


66.2 


60 


140.0 


—21 


5.8 


20 


68.0 


61 


141.8 


—20 


— 4.0 


21 


• 69.8 


62 


143.6 


19 


— 2.2 


22 


71.6 


63 


145.4 


—18 


.— 0.4 


23 


73.4 


64 


147.2 


—17 


+ 1.4 


24 


75.2 


65 


149.0 


—16 


3.2 


25 


77.0 


^Q 


150.8 


—15 


5.0 


26 


78.8 


67 


152.6 


—14 


6.8 


27 


80.6 


68 


154.4 


—13 


8.6 


28 


82.4 


69 


156.2 


—12 


10.4 


29 


84.2 


70 


158.0 


—11 


12.2 


30 


86.0 


71 


159.8 


—10 


14.0 


31 


87.8 


72 


161.6 
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Cent. 


Fahr. 


Cent. 


Fiihr. 


Cent. 


Fahr. 


73^ 


163^4 


121* 


249®.8 


169* 


336^.2 


74 


165.2 


12'2 


251.6 


170 


338.0 


75 


167.0 


123 


253.4 


171 


339 .8 


76 


168.8 


124 


255.2 


172 


341.6 


77 


170.6 


125 


257.0 


173 


343.4 


78 


172.4 


126 


258.8 


174 


345.2 


79 


174.2 


127 


260.6 


175 


347.0 


80 


176.0 


128 


262.4 


176 


348.8 


81 


177.8 


129 


264.2 


177 


350.6 


82 


179.6 


130 


266.0 


178 


352.4 


83 


181.4 


131 


267.8 


179 


354.2 


84 


183,2 


132 


269.6 


180 


356.0 


85 


185.0 


133 


271.4 


181 


357.8 


86 


186.8 


134 


273.2 


182 


359.6 


87 


188.6 


135 


275.0 


183 


361.4 


88 


190.4 


136 


276.8 


184 


363.2 


89 


192.2 


137 


278.6 


185 


365.0 


90 


194.0 


138 


280.4 


186 


366.8 


91 


195.8 


139 


282.2 


187 


368.6 


92 


197.6 


140 


284.0 


188 


370.4 


93 


199.4 


141 


285 .8 


189 


372.2 


94 


201.2 


142 


287.6 


190 


374.0 


95 


203.0 


143 


289.4 


191 


375.8 


96 


^04.8 


144 


291.2 


192 


377.6 


97 


206.6 


145 


293.0 


193 


379.4 


98 


208.4 


146 


294.8 


194 


381.2 


99 


210.2 


147 


296.6 


195 


383.0 


100 


212.0 


148 


298.4 


196 


384.8 


101 


213.8 


149 


300.2 


197 


386.6 


102 


215.6 


150 


302 .0 


198 


388.4 


103 


217.4 


151 


303.8 


199 


390.2 


104 


219.2 


152 


305.6 


200 


392.0 


105 


221.0 


153 


307.4 


201 


393.8 


106 


222.8 


154 


309.2 


202 


395.6 


107 


524.6 


155 


311.0 


203 


397.4 


108 


226.4 


156 


312.8 


204 


399.2* 


109 


228 .2 


157. 


314.6 


205 


401.0 


110 


230 


158 


316.4 


206 


. 402.8 


111 


231.8 


159 


318.2 


207 


404.6 


112 


233.6 


160 


320.0 


208* 


406.4 


113 


235.4 


161 


321.8 


209 


408.2 


114 


237.2 


162 


823.6 


210 


410.0 


115 


239 .0 


163 


325.4 


211 


411.8 


116 


240.8 


164 


327.2 


212 


413.6 


117 


242.6 


165 


329.0 


213 


415.4 


118 


244.4 


166 


330.8 


214 


417.2 


119 


246.2 


167 


332.6 


215 


419.0 


120 


248.0 


168 


334.4 


216 


420.8 
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CCDt. 


Fahr. 


Cent. 


Fahr. 


CenC 


Fahr. 


217® 


422^.6 


252* 


485^6 


287® 


548®.6 


218 


424.4 


253 


487.4 


288 


550.4 


219 


426.2 


254 


489.2 


289 


552.2 


220 


428.0 


255 


491.0 


290 


554.0 


221 


429 .8 


256 


492.8 


291 


555.8 


222 


431.6 


257 


494.6 


292 


557.6 


223 


433 .4 


258 


496.4 


293 


559.4 


224 


435.2 


259 


498.2 


294 


561.2 


225 


437.0 


260 


500.0 


295 


563.0 


226 


438.8 


261 


501.8 


296 


564.8 


227 


440.6 


262 


503.6 


297 


566.6 


228 


442.4 


263 


505.4 


298 


568.4 


229 


444.2 


264 


507.2 


299 


570.2 


230 


446.0 


265 


509.0 


300 


572.0 


231 


447.8 


266 


510.8 


301 


573.8 


232 


449.6 


267 


512.6 


302 


575.6 


233 


451.4 


268 


514.4 


303 


577.4 


234 


453 .2 


269 


516.2 


304 


579.2 


235 


455.0 


270 


518.0 


305 


581.0 


236 


456.8 


271 


519.8 


306 


582.8 


237 


458.6 


272 


521.6 


307 


584.6 


238 


460.4 


273 


523.4 


308 


586.4 


239 


462.2 


274 


525.2 


309 


588.2 


240 


464.0 


275 


527.0 


310 


590.0 


241 


465.8 


276 


528.8 


311 


591.8 


242 


467.6 


277 


530.6 


312 


593.6 


243 


469.4 


278 


532.4 


313 


595.4 


244 


471.2 


279 


534.2 


314 


597.2 


245 


473.0 


280 


536.0 


315 


599.0 


246 


474.8 


281 


537.8 


316 


600.8 


247 


476.6 


282 


539.6 


317 


602.6 


248 


478.4 


283 


541.4 


318 


604.4 


249 


480.2 


284 


543.2 


319 


606.2 


250 


482.0 


285 


545.0 


320 


608.0 


251 


483.8 


286 


546.8 
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Cent. 


Fahr. 


Cent. 


Fahr. 


Cent. 


Fahr. 


r3« 


163^4 


121* 


249*.8 


169* 


336^.2 


74 


165.2 


12'2 


251.6 


170 


338.0 


76 


167.0 


123 


253.4 


171 


339.8 


76 


168.8 


124 


255.2 


172 


341.6 


77 


170.6 


125 


257.0 


173 


343.4 


78 


172.4 


126 


258.8 


174 


345.2 


79 


174.2 


127 


260.6 


175 


347.0 


80 


176.0 


128 


262.4 


176 


348.8 


81 


177.8 


129 


264.2 


177 


350.6 


82 


179.6 


130 


266.0 


178 


352.4 


83 


181.4 


131 


267.8 


179 


354.2 


84 


183,2 


132 


269.6 


180 


356.0 


85 


185.0 


133 


271.4 


181 


357.8 


86 


186.8 


134 


273.2 


182 


359.6 


87 


188.6 


135 


275.0 


183 


361.4 


88 


190.4 


136 


276.8 


184 


363.2 


89 


192.2 


137 


278.6 


185 


365.0 


90 


194.0 


138 


280.4 


186 


366.8 


91 


195.8 


139 


282.2 


187 


368.6 


92 


197.6 


140 


284.0 


188 


370.4 


93 


199.4 


141 


285 .8 


189 


372.2 


94 


201.2 


142 


287.6 


190 


374.0 


95 


203.0 


143 


289.4 


191 


375.8 


96 


204.8 


144 


291.2 


192 


377.6 


97 


206.6 


145 


293.0 


193 


379.4 


98 


208.4 


146 


294.8 


194 


381 .2 


99 


210.2 


147 


296,6 


195 


383.0 


100 


212.0 


148 


298.4 


196 


384.8 


101 


213.8 


149 


300.2 


197 


386.6 


102 


215.6 


150 


302.0 


198 


388.4 


103 


217.4 


151 


303.8 


199 


390.2 


104 


219.2 


152 


305.6 


200 


392.0 


105 


221.0 


153 


307.4 


201 


393.8 


106 


222.8 


154 


309.2 


202 


395.6 


107 


524.6 


155 


311.0 


203 


397.4 


108 


226.4 


156 


312.8 


204 


399 .2' 


109 


228 .2 


157. 


314.6 


205 


401.0 


110 


230 


158 


316.4 


206 


- 402.8 


111 


231.8 


159 


318.2 


207 


404.6 


112 


233.6 


160 


320.0 


208 • 


406.4 


113 


235.4 


161 


321.8 


209 


408.2 


114 


237.2 


162 


323.6 


210 


410.0 


115 


239 .0 


163 


325.4 


211 


411.8 


116 


240.8 


164 


327.2 


212 


413.6 


117 


242.6 


165 


329.0 


213 


415.4 


118 


244.4 


166 


330.8 


214 


417.2 


119 


246.2 


167 


332.6 


215 


419.0 


120 


248.0 


168 


334.4 


216 


420.8 
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Cent. 


Fahr. 


Cent. 


Fahr. 


Cent. 


Fkbr. 


21 7^ 


422".6 


252" 


485°.6 


287® 


548».6 


218 


424.4 


253 


487.4 


288 


550.4 


219 


426.2 


254 


489.2 


289 


552.2 


220 


428.0 


255 


491.0 


290 


554.0 


221 


429.8 


256 


492.8 


291 


555.8 


222 


431.6 


257 


494 .6 


292 


557.6 


223 


433 .4 


258 


496.4 


293 


559.4 


224 


435.2 


259 


498.2 


294 


561 .2 


225 


437.0 


260 


500.0 


295 


563.0 


226 


438.8 


261 


501.8 


296 


564.8 


227 


440.6 


262 


503.6 


297 


566.6 


228 


442.4 


263 


505.4 


298 


568.4 


229 


444.2 


264 


507.2 


299 


570.2 


230 


446.0 


265 


509.0 


300 


572.0 


231 


447.8 


266 


510.8 


301 


573.8 


232 


449.6 


267 


512.6 


302 


575 .6 


233 


451.4 


268 


514.4 


303 


577.4 


234 


453.2 


269 


516.2 


304 


579.2 


235 


455.0 


270 


518.0 


305 


581.0 


236 


456.8 


271 


519.8 


306 


582.8 


237 


458.6 


272 


521.6 


307 


584.6 


238 


460.4 


273 


523.4 


308 


586.4 


239 


462.2 


274 


525.2 


309 


588.2 


240 


464.0 


275 


527.0 


310 


590.0 


241 


465.8 


276 


528.8 


811 


591.8 


242 


467.6 


277 


530.6 


312 


593.6 


243 


469.4 


278 


632.4 


313 


595.4 


244 


471.2 


279 


534.2 


314 


597.2 


245 


473.0 


280 


536.0 


315 


599.0 


246 


474.8 


281 


537.8 


316 


600.8 


247 


476.6 


282 


539.6 


317 


602.6 


248 


478.4 


283 


541.4 


318 


604.4 


249 


480.2 


284 


543.2 


319 


606.2 


250 


482.0 


285 


545.0 


320 


608.0 


251 


483.8 


286 


546.8 
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TABLE II. 

■ 

TABLE of the elastic Force of Aqueous Vapour at different 
Temperatures^ expressed in Inches of Mercury. 





ForceofVaponr. 1 




Force of Vapoar.l 




Force of Vapour. 


Temp. 






Temp. ' 






Temp. ' 








Dalton. 


Ure. 




Dalton. 


Ure. 




Dalton. 


Ure. 


320F. 


0.200 


0.200 


80* F. 


1.00 


1.010 


128*>F. 


4.11 




33 


0.207 




81 


1.04 


• 


129 


4.22 




34 


0.214 




82 


1.07 




130 


4.34 


4366 


35 


0.221 




83 


1.10 




131 


4.47 




36 


0.229 




84 


1.14 




132 


4.60 




37 


0.237 




85 


1.17 


1.170 


133 


4.73 




38 


0.245 




86 


1.21 




134 


4.86 




39 


0.254 




87 


1.24 




135 


5.00 


5.07O 


40 


0.263 


0-250 


88 


1.28 




136 


5.14 




41 


0.273 




89 


1.32 




137 


5.29 




42 


0.283 




90 


1.36 


1.36Q 


138 


5.44 




43 


0.294 




91 


1.40 




139 


5.59 




44 


0.305 




92 


1.44 




140 


5.74 


5.770 


45 


0.316 




93 


1.48 




141 


5.90 




46 


0.328 




94 


153 




142 


6.05 




47 


0339 




95 


1.58 


1.640 


143 


6.21 




48 


0.351 




96 


1.63 




144 


637 




49 


0.363 




97 


1.68 




145 


6.53 


6.600 


50 


0.375 


0.360 


98 


1.74 




146 


6.70 




61 


0.388 




99 


1.80 




147 


6.87 




52 


0.401 




100 


1.86 


1.860 


148 


7.05 




53 


0.415 




101 


192 




149 


7.23 




54 


0.429 




102 


1.98 




150 


7.42 


7.530 


55 


0.443 


0.416 


103 


2.04 




151 


761 




56 


0.458 




104 


2.11 




152 


7.81 




57 


0.474 




105 


2.18 


2.100 


153 


8.01 




58 


0.490 




106 


2.25 




154 


8.20 




59 


0.507 




107 


232 




155 


8.40 


8.500 


60 > 


0.524 


0.516 


108 


239 




156 


8.60 




61 


542 




]09 


2.46 




157 


8.81 




62 


0.560 




no 


2 53 


2.456 


158 


9.02 




63 


0.578 




111 


2.60 




159 


9.24 




64 


0.597 




112 


2.68 




160 


9.46 


9^00 


65 


0.616 


0.630 


113 


2.76 




161 


9.68 




66 


0.635 




114 


2.84 




162 


9.91 




67 


0.655 




115 


2.92 « 


2.820 


163 


10.15 




68 


0.676 




116 


3.00 




164 


10.41 




69 


0.698 




117 


3.08 




165 


10.68 


10.800 


70 


0.721 


0.726 


118 


3.16 




166 


10.96 




71 


0.745 




119 


3 25 




167 


11.25 




72 


0770 




120 


3.33 


2.300 


168 


1154 




73 


0.796 




121 


3.42 




169 


11.83 




74 ' 


0.823 




122 


3 50 




170 


12.13 


12.050 


75 


0.851 


0.860 


123 


3.59 




171 


12.43 




76 


0.880 




124 


3.69 




172 


12.73 




77 


0.910 




125 


3.79 


3.830 


173 


13.02 




78 


0.940 




126 


3.89 




174 


13.32 




79 


0.971 




127 


4.00 




175 


13.62 


13.550 
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Temp. 


Force of Vapoori 

In* 


Force of Vapour J 




Force of Vapour. 


Daltou. 


Ure. 


ACSUp. 


Dalton. 


Ure 


Temp. 


Dalton. 


Ure. 


176«P. 


13.92 




201»F 


24.12 




226«» F. 


38.89 


40.100 


177 


14.22 




202 


24.61 




227 


39.59 




178 


14.52 




203 


25.10 




228 


40.30 




179 


14.83 




204 


25.61 




229 


41.02 




180 


15.15 


15.160 


205 


26.13 


25.900 


2:)0 


41.75 


43100 


181 


15.50 




206 


26.66 




231 


42.49 




182 


15.86 




207 


27.20 




232 


43.24 




183 


16.23 




208 


27.74 




233 


44.00 




184 


16.61 




209 


28.29 




234 


44.78 


46.800 


185 


17.00 


16.900 


210 


28.84 128.880 


235 


45.58 


47.220 


186 


17.40 




211 


29.41 1 


236 


46.39 




187 


17.80 




212 


30.00 30.000 


237 


47.20 




188 


18.20 




213 


3060 




238 


48.02 


50300 


189 


18.60 




214 


31.21 




239 


48.84 




190 


19.00 


19 000 


215 


31.83 




240 


49.67 


51.700 


191 


19.42 




216 


32.46 33.4601 


241 


5050 




192 


19.86 




217 


33.09 




242 


51.34 


53.600 


193 


20.32 




218 


33.72 




243 


52.18 




194 


20.77 




219 


34.35 




244 


53 03 




195 


21.22 


21.100 


220 


34.99 '35.540 


245 


53.88 


56.340 


196 


21.68 




221 


35.63 136.700 


246 


5468 




197 


22.13 




222 


36.25 




247 


55.54 




198 


22.69 




223 


36.88 < 




248 


56.42 


60.400 


199 


23.16 




224 


37.53 




249 


57.31 




200 


23.64 


23.600 


225 


38.20 


39.110 


250 


58.21 


61.900 



TABLE III. 

nr, VrtU Tahteof ike QuantUyof OilofVitHol, of sp, gr, 1.8485, and of Anhydrous 
Acid, in 100 Parts of dilute Sulphuric Acid, at different Densities. 



Uquid. 


8p.Gr. Dry. | 


Liquid. 


Sp. Gr. 


Dry, 


Liquid. 


Sp. Or. 


Dry. 


100 


1.8485 


81.54 


66 


1.5503 


53.82 


32 


1.2334 


26.09 


99 


1.8475 


80.72 


65 


1.5390 


53.00 


31 


1.2260 


25.28 


98 


1.8460 


79.90 


64 


1.5280 


52.18 


30 


1.2184 


24.46 


97 


1.8439 


79.09 


63 


1.5170 


51.37 


29 


1.2108 


23 65 


96 


1.8410 


78.28 


62 


1.5066 


50.55 


28 


1.2032 


22.83 


95 


1.8376 


77.46 


61 


1.4960 


49.74 


27 


1.1956 


22.01 


94 


1.8336 


76.65 


60 


1.4860 


48.92 


26 


1.1876 


21.20 


93 


1.8290 


75.83 


59 


1.4760 


48.11 


25 


1.1792 


20.38 


92 


1.8233 


75.02 


58 


1.4660 


47.29 


24 


1.1706 


19 57 


91 


1.8179 


74.20 


57 


1.4560 


46.48 


23 


1.1626 


18.75 


90 


18115 


73.39 


56 


1.4460 


45.66 


22 


1.1549 


17.94 


89 


1.8043 


72 57 


55 


1.4360 


44.85 


21 


1.1480 


17.12 


88 


1.7962 


71.75 


54 


1.4265 


44.03 


20 


1.1410 


16^31 


87 


1.7870 


70.94 


53 


1.4170 


43.22 


19 


1.1330 


15.49 


86 


1.7774 


70.12 


52 


1.4073 


42.40 


18 


1.1246 


14.68 


85 


1.7673 


69.31 


51 


1.3977 


41.58 


17 


1.1165 


13.86 


84 


1.7570 


68.49 


50 


1.3884 


40.77 


16 


1.1090 


13.05 


83 


1.7465 


eT7.68 


49 


1.3788 


39.95 


15 


1.1019 


12.23 


82 


1.7360 


66.86 


48 


13697 


39.14 


14 


1.0953 


11.41 


81 


1.7245 


66 05 


47 


1.3612 


38.32 


13 


1.0887 


10.60 


80 


1.7120 


65.23 


46 


1.3530 


.37.51 


12 


1.0809 


9.78 


79 


1.6993 


64.42 


45 


1.3440 


36.69 


11 


1.0743 


8.97 


78 


1.6870 


63.60 


44 


1.3345 


35.88 


10 


1.0682 


8.15 


77 


1.6750 


62.78 


43 


13255 


35.06 


9 


1.0614 


7.34 


76 


1.6630 


61.97 


42 


1.3165 


34.25 


8 


1.0544 


6.52 


75 


1.6520 


61.15 


41 


13080 


33.43 


7 


1.0477 


5.71 


74 


1.6415 


60.34 


40 


1.2999 


32.61 


6 


1.0405 


4.89 


73 


1.6321 


5952 


39 


1.2913 


31.80 


5 


1.0336 


4.08 


72 


1.6204 


58.71 


38 


1.2826 


30.98 


4 


1.0268 


3.26 


71 


1.6090 


57.89 


37 


1.2740 


30.17 


3 


1.0206 


2.446 


70 


1.5975 


57.08 


36 


1.2654 


29.35 


2 


1.0140 


1.63 


6d 


1.5868 


56.26 


35 


1.2572 


28 54 


1 


1.0574 


0.8154 


68 


15760 


55.45 


34 


1.2490 


27.72 








67 


1.5648 


54.63 


33 


1.2409 


26.91 
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TABLE IV. 

Dr. Ure^s Table of the Quaniiiy of Real or Anhydrous Nitric 
Acid in 100 Parts of Liquid Acid at different Densities. 



Spedfle 
Onvity. ^ 


BMlAdd 

In 100 parts 

Df the Liquid. 


Specific 
Gnvity. 


Reel Add 

in 106 parte 

of the Liquid. 


Spedfie 
Graylty. 


Real Add 

InlOOparU 

of the Llqnld. 


1.5000 


79.700 


13783 


52.602 


1.1895 


26301 


1.4980 


78.903 


1.3732 


51.805 


1.1833 


25.504 


1.4960 


78.106 


13681 . 


51.068 


1.1770 


24 707 


1.4940 


77309 


13630 


50.211 


1.1709 


23910 


1.4910 


76.512 


13579 


49 414 


1.1648 


23.113 


1.4880 


75.715 


13529 


48.617 


1.1587 


22316 


1.4850 


74.918 


1.3477 


47.820 


1.1526 


21.519 


1.4820 


74.121 


13427 


47.023 


1.1465 


20.722 


1.4790 


73.324 


13376 


46.226 


1.1403 


J 9.925 


1.4760 


72.527 


1.3323 


45.429 


1.1345 


19.128 


1.4730 


71.730 


13270 


44.632 


1.1286 


18.331 


1.4700 


70.933 


13216 


43.835 


1.1227 


17.534 


1.4670 


70.136 


13163 


43.038 


1.1168 


16.7.37 


14640 


69339 


13110 


42.241 


1.1109 


15.940 


1.4600 


68.542 


13056 


41.444 


1.1051 


15.143 


1.4570 


67.745 


13001 


40.647 


1.0993 


14346 


1.4530 


66.948 


1.2947 


39.850 


1.0935 


13.549 


1.4500 


66.155 


1.2887 


39.053 


1.0878 


12.752 


1.4460 


65.354 


1.2826 


38.256 


14)821 


11.955 


1.4424 


64.557 


1.2765 


37.459 


1.0764 


11.158 


1.4385 


63.760 


1.2705 


36.662 


1.0708 


10 361 


1.4346 


62.963 


1.2644 


35.865 


1.0651 


9.564 


1.4306 


62.166 


1.2583 


35.068 


1.0595 


8.767 


1.4269 


61369 


1.2523 


34.271 


1.0540 


7.970 


1.4228 


60.572 


1.2462 


33.474 


14)485 


7.173 


1.4189 


59.775 


1.2402 


32.677 


1.0430 


6376 


1.4147 


58.978 


1.2341 


31.880 


1.0375 


6.579 


1.4107 


58.181 


1.2277 


31.083 


1.0320 


4.782 


1.4065 


57384 


1.2212 


30.286 


1.0267 


3 985 


14023 


56.587 


1.2148 


29.489 


1.0212 


3.188 


13978 


55.790 


1.2084 


28.692 


1.0159 


2.391 


1.3945 


54.993 


1.2019 


27.895 


1.0106 


1.594 


1.3882 


54.196 


1.1958 


27.098 


1.0053 


0.797 


1.3833 


53399 
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TABLE V. 

Table of M. Lomtz, shoioing the Quantity ofabiolute Alcohol 
in Spirits of different Specific Gravities, 



100 Parts. 


Sp. Gravity. 1 


lOOParU. 


Sp. Gravity. 1 


100 Parts. 


Sp. Gravity. 


Ale. 
100 


Wat. 


AtfiO". 


At 680. 


Ale. 


Wat. 
34 


At60». 


At68». 


Ale. 


Wat. 
68 


At60». At«8». 





0.796 


0.791 


66 


0.881 


0.877 


32 


0.955 


0.952 


99 


1 


0.798 


0.794 


65 


35 


0.883 


0.880 


31 


69 


0.957 


0.954 


98 


2 


0.801 


0.797 


64 


36 


0.886 


0.882 


30 


70 


0.958 


0.956 


97 


3 


0.804 


0.800 


63 


37 


0.889 


0.885 


29 


71 


0.960 


0.957 


96 


4 


0.807 


0.803 


62 


38 


0.891 


0.887 


28 


72 


0.962 


0.959 


95 


5 


0.809 


0.805 


61 


39 


0.893 


0.889 


27 


73 


963 


0.961 


94 


6 


0.812 


0.808 


60 


40 


0.896 


0.892 


26 


74 


0.965 


0.963 


93 


7 


0.815 


0.811 


59 


41 


0.898 


894 


25 


75 


0967 


0.965 


92 


8 


0.817 


0.813 


58 


42 


0.900 


0.896 


24 


76 


0-968 


0.966 


91 


9 


0.820 


0.816 


57 


43 


0.902 


0.899 


23 


77 


0970 


0.968 


90 


10 


0.822 


0.818 


56 


44 


0.905 


0.901 


22 


78 


0-972 


0.970 


89 


11 


0.825 


0.821 


55 


45 


0.906 


0.903 


21 


79 


0-973 


0.971 


88 


12 


0.827 


0.823 


54 


46 


0.908 


0.905 


20 


80 


0.974 


0.973 


87 


13 


0830 


826 


53 


47 


0.910 


0.907 


19 


81 


0-975 


0.974 


86 


14 


0.832 


0.828 


52 


48 


0.912 


0.909 


18 


82 


0977 


0.976 


85 


15 


0.835 


0.831 


51 


49 


0.915 


0.912 


17 


83 


0-978 


0.977 


84 


16 


0.838 


0.834 


50 


50 


0.917 


0.914 


16 


84 


0-979 


0.978 


83 


17 


0.840 


0.836 


49 


51 


0.920 


0.917 


15 


85 


0-981 


0.980 


82 


18 


0.843 


0.839 


48 


52 


0.922 


0.919 


14 


86 


0982 


0.981 


81 


19 


0.846 


0.842 


47, 


53 


0.924 


0.921 


13 


87 


984 


0-983 


80 


20 


0.848 


0.844 


46 


54 


0.926 


0.923 


12 


88 


0-986 


0.985 


79 


21 


0.851 


0.847 


45 


55 


0.928 


925 


11 


89 


0987 


0.986 


78 


22 


0.853 


0.849 


44 


56 


0.930 


0.927 


10 


90 


0-988 


0.987 


77 


S3 


0.855 


0.851 


43 


57 


0.933 


0.930 


9 


91 


0.989 


0.988 


76 


24 10.857 


0.853 


42 


58 


0.935 


0.932 


8 


92 


0990 


0.989 


75 


25 0.860 


0.856 


41 


59 


0.937 


0.934 


7 


93 


0.992 


0.991 


74 


2 V 0.863 


0.859 


40 


60 


0.939 


0.936 


6 


94 


0.991 


0.992 


73 


27 


0.865 


0.861 


39 


61 


0.941 


0.938 


5 


95 




0994 


72 


28 


0.867 


0.863 


38 


62 


0.943 


0.940 


4 


96 




0.995 


71 


29 


0.870 


0.866 


37 


63 


0.945 


0.942 


3 


97 




997 


70 


30 


0.872 


0.868 


36 


64 


0.947 


0.944 


2 


98 




0.998 


69 


31 


0.874 


0.870 


35 


65 


0.949 


946 


1 


99 




0.999 


68 


32 


0.875 


0.872 


34 


€6 


0.951 


0.948 





100 




1.000 


67 


33 


0.879 


0.875 


33 


67 


0.953 


0.950 


















r 


rAB 


;le 


VL 











Tables showing the Specific Gravity of LiquidSy at the Tempera- 
ture of 55^ Fahr. corresponding to the Degrees ofBeaumPs 

Hydrometer. 

For Liquids lighter than Water. 



Deg. Sp. Or. 




Deg. Sp. Gr. 


Deg. Sp. Gr. 


Deg, Sp. Or. . 


Deg. Sp. Or. 


10 =s 1.000 


17 = .949 


23 = .909 


29 = .874 35 a .842 


11 .990 


18 .942 


24 .903 


30 867 36 .837 


12 .985 


19 .935 


25 .897 


31 .861 


37 .832 


13 977 


20 .928 


26 .892 


32 .856 


38 .827 


14 .970 


21 .922 


27 .886 


33 .852 I 


39 .822 


15 .963 


22 .915 


28 .880 


34 .847 ! 40 .817 


16 .955 






For Liqu 


ids heavier tli 


tan Water. 


Deg.Sp. Or. 


Deg. Sp. Or. 


Deg. Sp. Or. 


Deg. Sp. Or. ; Deg. Sp. Or 


0=1.000 


15b1.1I4 


30=1.261 


45=1.455 


60=1.717 


3 1.020 


18 1.140 


33 1.295 


48 1.500 


63 1.779 


6 1.040 


21 1.170 


36 1.333 


51 1.547 


66 1.848 


9 1.064 


24 1.200 


39 1.373 


54 1.594 


69 1.920 


12 1.089 




27 1.230 ' 


42 1.414 


57 1.659 


72 2.000 
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TABLE VII. 
TABLES FOR REFERENCE IN QUALITATIVE ANALYSIS. 

I. GASES. 

Distinctive properties of oxygen^ nitrogen^ protoxide of mtrogeriy 
deutoxide ofnitrogen^ hydrogen^ carbonic oxide and carbonic add. 



Soluble 
water 



.in I 

ion \ 



Support 
combustion 

Combustible < 



dnguish J 
ibustion I 



Extinguish 
combustion 



OA8S8. 

Carbonic acid 
Protoxide of nitrogen 

Oxygen 

Protoxide of nitrogen 

Carbonic oxide 
Hydrogen 

Deutoxide of nitrogen 
Nitrogen 



} 

} 
} 



Solution disturbs lime-water. 
Does not. 



Product of combustion dis- 
turbs lime-water. 
Does not. 

Forms brown fumes with oxy- 
gen. 
Does not. 



II. ACIDS. 



Distinctive properties of certain acids, in combination. 



Precipitated 

by chloride 

of barium 



Precipitated 

by nitrate of ^ 

silver 



ACIDS. 

Sulphuric 

Iodic 

Sulphurous 

Phosphoric 

Pyrophosphoric 

Carbonic 

Hyposulphurous 

Hydrochloric, white "1 
Hydriodic, yellow J 

Phosphoric ,. 

Pyrophosphoric white 
Iodic 
Carbonic 
Sulphurous 
Hyposulphurous „ 



If 



>» 



>* 



Precipitate not dissolved by 
nitric acid. 



Precipitate dissolved by hy- 
drochloric acid. 



Precipitate not dissolved by 
nitric acid. 



Precipitate dissolved by nitric 
acid. 

tt sulphur appears. 
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ACIDS. 



Indicated by 
strong sul- " 
phuric acid. 



Carbonic 



Sulphurous 

Hyposulphurous 

Hydriodic 
Chloric 



{ 



Effervescence of a gas which 
renders lime-water turbid. 

Effervescence : gas decom- 
poses iodic acid. 

Effervescence of sulphurous 
acid, and sulphur deposit- 
ed. 

Iodine liberated. 

Peroxide of chlorine evolved, 
and liquid bleaches. 



SPBCIAL TESTS. 

Hydriodic add, by chlorine-water and starch. 
Iodic acid, by sulphurous acid water and starch. 
Sulphurous acid, by iodic acid and starch. 
Nitric acid, by sulphate of indigo. 
Hyposulphurous acid dissolves chloride c^ silver. 

„ „ is not precipitated by nitrate of strontian. 

III. ALKALIES AND EARTHS. 



Distinctive properties of potash, soda, ammonia, harytes, lime, 
strontian, magnesia and alumina, in their salts; the re-agents 
to be applied in stxcession as numbered. 



BB-AOENTS. 

1* Carbonate of soda 
2^ Oxalate of ammonia 

3^ Diluted sulphate of soda 

4* H3rpo8ulphite of soda 



Precipitates earths and not aUodies. 

Precipitates barytes, strontian and lime. 
f Precipitates baiytes and strontian, but 
\ not lime. 

Precipitates barytes but not strontian. 



SPECIAL TESTS. 



Caustic potash evolves ammonia. 
Tartaric acid in excess precipitates jpo/o^A. 
Bicarbonate of potash does not precipitate magnesia. 
Caustic potash dissolves alumina. 
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I ■= III I » 
■III si 






11 



1 1 I 



111 



nil 



h%. 

111 



.111! Ji 
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TABLE VIIL 

SELECTED ATOMIC WEIGHTS, WITH THEIR LOGARITHMS, FOR THE 

CALCULATIONS OF ANALYSIS, 

The mmhen «re the tame a» those given in the bcdif of the work (from Ber- 
zehus), with the exception of carbon, which is always taken here at 76, (Du- 
mas), and nitrogen at 176.6 ; the last deduced by Dr. Clark frmn M. Dumas' 
recent determinations qf the densities of nitrogen and oxygen. 



Name. 



Ammonia . 
Antimony . 
(oxide of) 

— (sulpharet of) , 
Arsenic 

— (sniphuret of) . 
— — • <8ulphuret of) , 
Arsenic acid 
Arsenions acid 
Barium 

— — (chloride of) 

Barytes 

^— — (carbonate of) 

■ (phosphate of ) 

—— (sulphate of ) 

Calcium, chloride of 

Carbon 

Carbonic acid 

Carbonic oxide . 

Copper . . 

— — (protoxide of) . 

■■ (suboxide of) , 

Hydrogen . 

Iron . . . , 

— (peroxide of) 

— (protoxide of) 
Lead 

"— — (carbonate of) 
(chloride of ) 

— (phosphate of) , 

• (protoxide of) 

(sulphate of) 

Lime . . . . 

(carbonate of) 

(sulphate of) 

Magnesia . 

^ (sulphate of) , 

Manganese . 

(protoxide of) , 

(deutoxide of) 



Symbol. 



Mercury 



•sabchloride of), 
(oxide of ) " 
(suboxide of) 



NH, 

Sb 

SbO, 

SbS. 

As 

AsS, 

AsS, 

AsOf 

AsO, 

Ba' 

BaCl 

BaO 

BaCCOj 

2BaO,PO, 

BaO,SO. 

CaCl 

C 
CO, 
CO 
Cu 
CuO 
Cu,0 
H 
Fe 
FeA 
FeO 
Pb 
PbO,CO, 
PbCl 
2PbO,PO, 
PbO 
PbO,SO, 

CaO 
CaO,CO, 
CaO,SO, 

MgO 

MgO,SO, 

Mn 

MnOj 

Mn,0, 

Hg 

i(Hg,Cl) 

HgO 

Hg,0 



Atomic Weight. 



213.13 
1612.9 
1912.9 
2216.4 
940.1 
1643.6 

1945.9 
1440.1 
1240.1 
866.88 
1299.6 
956 J38 
1231.9 
2806.1 
1458.1 
698.67 
75.00 
276.00 
175.00 
395.70 
495.70 
891.39 
12.48 
339.21 
978.43 
439.21 
1294.5 . 
1669.6 

1737.1 
3681.3 
1394.5 
1895.7 
356.02 
631.03 
857.19 
268.35 
759.52 
345.90 
445.90 
991.80 
1265.8 
1487.1 
136^.8 
2631.6 



Logarithm. 



2.32864 
3.20761 

3.28169 

3.34565 

2.973174 

3.18854 

3.28912 

3.15839 
3.09346 

2.93292 
3.11378 
2.98086 
3.09058 
3.44811 
3.16379 
2.84437 
1.87506 
2.43933 
2.24304 

2.59737 
2.69522 
2.95007 
1.09621 
2.53047 
2.99053 
2.64267 
3.11210 
3.22269 
3.23983 
3.56600 
3.14442 
3.27777 
2.55147 
2.80004 
2.93308 
2.41220 
2.88054 
2.63895 
2.64924 
2.99642 
3.10236 
3.17234 
3.13539 
3.42022 
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Nitrogen 

Phosphoric acid . 

Phosphorous acid 

Phosphorus 

Platinum 

(ammonium chlo- 
ride of) 

■ (potassium chlo- 

ride of) 



Potash 



(carbonate of) . 
(sulphate of) . 



Potassium 

— — (chloride of) 

Silver • 

(chloride of ) 

— (oiide of) . 



Soda 



(carbonate of) 
(sulphate of) 



Sodium 

■ (chloride of) 

Strontian . 

(carbonate of ) 

— (sulphate of) 
Strontium, chloride of 
Sulphur 
Sulphuric acid 
Sulphurous acid : 
Tin • . . 
— — (peroxide of) 

(protoxide of) 

Water 



Zinc 



(oxide of) 



SymboL 



N 
PO. 
PO. 

P 
Pt 



rpt,ci,+ \ 

1 NHfiX f 



PtCl,+KCl 

KO 

KO,CO, 

KO,SO. 

K 

KCi 
Ag 
AgCl 
AgO 
—2 
—3 



—5 

NaO 

NaO,CO, 

NaO^SO, 

Na 

NaCl 

SrO 

SrO,CO, 

SrO,80. 

SrCl 

S 

SO, 
SO, 
8n 
SnO, 
SnO 
HO, 
2 
3 
4 
6 
6 

7 

8 

9 
10 
11 
12 
13 
Zn 

ZnO 1 
2 
3 
4 



Atomic Weight. 



Logarithm. 



175.6 
892.31 
692.21 
392.31 
1233.3 

2786.6 



3051.2 
589-92 
864.93 

1091. 1 
489-92 

932.57 
1351.6 
1794.3 
1451.6 
2903.2 
4354.8 
58064 
7258.0 

390.90 

665.91 
892.07 

290.90 
733.55 

647.29 
922.30 
1148.50 
989.94 
201.17 
501.17 
401.17 
735.29 

* 935.29 
835.29 
112.48 
224.96 
337.44 
449.92 
562.40 
674.88 
787.36 
899.84 
1012.3 
1124.8 
1237.3 
1349.8 
1462.2 
403.23 
503.23 
1006.5 
1509.7 
2012.9 



2.24452 
2.95052 
2.84030 
2.59363 
3.09107 

3.44506 



3.48447 
2.77079 
2.93698 
3.03786 
2.69013 
2.96968 
3.13085 
3.25389 
3.16185 
3.46288 
3.63897 
3.76391 
3.86082 
2.59207 
2.82341 
2.95040 
2.46374 
2.86543 
2.81110 
2.96487 
3.06013 
2.99561 
2.30356 
2.69998 
2.60333 
2.86645 
2.97095 
2.92184 

2.05107 
2.35210 
2.52820 
2.65314 
2.75005 
2.82923 
2.89618 

2.95417 
3.00531 

3.05107 
3.09248 

3.13027 
3.16501 
2.60555 

2.70177 
3.00281 

3.17889 
3.30382 



INDEX. 



Absorption, 1021. 

Acetat or compound of aldehyde with 

ether, 782. 
Acetate of alumina, 785. 

— of barytes, 785. 

— of ammonia, 786. 

— of black oxide of mercury, 653. 

— of copper, 685. 

— of lead, 587. 

— of oxide of ethyl, 785. 

— of Ume, 785. 

— of magnesia, 785. 

— of morphia, 978. 

— of potash, 785. 

— products of the action of heat upon, 
796. 

— of soda, 786^ 

— of strontian, 785. 
Acetone, 709, 710, 796. 

— (met-), 796. 

Acetyl, series of compounds, 780. 

— acetate of oxichlorideof, 787. 

— hydrate of the oxide of, 780. 

— oxisalphuret of, 787. 

— • action of chlorine, bromine and iodfaie, 
upon ethyl, 786. 

— chloride of, 787, 792. 

— hydruret of, 791, 792. 

— chlorhydrate of chloride of, 792. 

— chloroplBtinates of chloride of 79S» 
794,796. 

— bromide of, 793. 

— bromhydrate of bromide of, 798. 

— iodhydrate of iodide of, 793. 

— arsenical compounds derired flrora, 799. 

— series of compounds of amldogen, 
tables 805 to 807. 

Add, acetic, 782. Its combinations, 784. 
Action of heat upon, 795. 

— acetous or aldehydic, 782. 

— aconltic,945. 

— althlonic, 780. 

— amygdalic, 84& 
— - antimonions, 641. 

— anthranilic, 919. 

— arsenic, 938. 

*^ arsenions, 146, 627. 

— antidote to arsenious, 636. 

— axelalc, and others, 967. 

— benzilic, 868. 

— bencoic, 849. 

— boracic, 989. 
^ bromic, 382. 

— bmnoUc, 841. 

— butyric, 954. 

— cacodylic, 801. 

— cafreli.',91I. 

— capric, 954. 



Acid, bromo1>ensolc, 735. 

— caproic, 954. 

— carbazotic, 917. 

— carbolic, &41. 

— carbonic, 304. 

— ceTadlc,955. 

— chloracetic, 731, 790. 

— chloranUic, 919. 

— chlorisatinic, 736, 918. 

— chlorisatydioi 919. 

— chlorochromic, 615. 

— chioromolybdlc, 622. 

— chlorosulphuric, 332. 

— chlorotungstlc, 619. 

— chromic, 612. 

— chrysanilic, 919. 

— dnnamic, 867. 

— citraconic, 946. 

— dtric, 944, 945. 

— comenic, 937, 938. 

— codnlc, 956. 

— croconic, 934. 

— crotonic, 957. 

— cuminic, 896. 

— cyanuric, 992. 

— cyanic, 9i92. 

— cyanic, 734, 992. 

— delphinic, 955. 

— ellagic, 939. 

— elaldic, 966. 

— erythroldc, 928. 

— etherosulphuric, 769. 
-^ ethalic, 880, 958. 

— ethlonic and isethlonic, 778. 

— enchronic, 936. 

— ferricyanlc, 733. 

— ferrocyanic, 733, 990. 

— formic, 827 to 829. 

— formobenzollic, 854. 

— of fruits, 752, 951, &c. 

— ftilmlnic/ 992. 

— ftimaric, 952, 968. 

— friming, of Nordhausen, 825. 

— gallic, pyrogalUc, metagalilc, and me- 
langaUic. 939 to 943. 

— hippuric, 854. 

— hirdc, 955. 

— hydrated, 142, 982. 

— hydrobromic, 381. 

— hydrocyanic, 985, 986. 

— hydrofluoric, 395. 

— preparation of, 895. 

— hydroleic, 969. 

— hydromargaric, 969. 

— hypermanganic, 145. ■ 

— hypochlorous, 600. 

— hypomargarylic, 969. 

— hypoposphorous, 343. 
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Add, hydrogen, 963. 

— hypomlpharic, 836. 

— hyporalphurous, SSO. 

— IndJgotic, 917. 

— Iodic. 390. 391. 

— Itaconlc, 946. 

— Japonic, 943. 

— lactic, 808, 809. 

— Ugnln-iulphurlc, 759. 

— malic, 951. 

— margaric. 968, 961, 969. 

— meconlc, 987. 

— melaai Ic, 756. 

— meUiUc, 985. 

— meChlonlc, 779. 

— metolelc, 969. 

— molybdlc, 621. 

— mudc, 755. 

— muriatic. 862. 

— naphtallc, 846. 

— nlmc, 286. Its action upon copper, 
386. Its preparation, 291, 292. Its pro- 

Srtiea, 298 et teq. Neutral nitratea, 
7. Uws of the add, 396. 

— nitroaulphuric, 883. 

— nitrous, 146. 289, 290. 
~ oleic, 964, 965. 

— oimlc, 692. 

— oxalic, 981. 

— ozalovlnlc, 776. 

— palmitic, 957. 

.— paratartaric or racemic, 960. 

— phocenlc, 955. 

— phosphoric, 187, 843. 

— picric, 917. 

— plmaric, 891. 

— platinocyanlc, 991. 

— prusalc, 986. 

— pyromaric, 891. 

— pyromeconlc, 988. 

— pyrotartaric. 949. 

— qulnlc or klnic, 953. 

— rhodlionlc, 984. 

— roccelUc. 923. 
•— roaoUc, 841. 

— saccharic, 751, 752. 

— sacchnlmic, 754. 

— sallcylous, 735. 

— sebadc, 966. 

— selenic, &38. 

— aeleidous, 337. 

— seridc, 957. 

— stearic, 961. 

— suberic, 759, 968. 

— sucdnic, 963. 

— snlphantlmonlc, 642. 

— sulpharsenlous, 630. 

— sulpharsenlc, 680. 

» sulphate of oxide of ethyl, 769. 

— snlphosaccharic, 754. 

— sulphonaphtallc, 842. 

— sulphonaphtlc. 842. 

— sulphovlnlc, sulphethyllc, &c. 769. Its 
formation, 770. 

— snlphomedtillc, 798. 

— salphocymenlc, 897. 

— sulphurous, 819. 

— liquid sulphurous, 6. 

— series of tne snlphunras, 822. 

— sulphuric, 822, 968. 

— anhydrous sulphuric, 336. 

— properties of tne sulphuric, &c 381. 
» tannic, 168, 988. 

— tartaric and paratartaric, 946 ei §eq, 

— tungstic, 617, 618. 

— valeric or valatlanic, 815. 

— Tansdlc, 616. 

— reratric, 955. 

— xanthic,777. 



Add, hydrates of snlphuric, S27. 

— xyUtlc,886. 

— compound, deflnltions of, 100. 

— those containing carbonic oxide 931 ei 
acq. 

— of castor oil, 967. 

— action of sulphuric, on the ftii oils, 966. 

— formation o^ 142, 786. 
Aconltic add. 946. 
Aconltine, 9^. 

Aconltum napellna, add of, 713, 946. 

Acroldne, 969. 

Adhesion, 179. 

Affinity, of chemical, 179. 

— order of, 186. 

— Induction, 197 et eeg. 

Air, atmospheric, 66, 70, 1012. 

— movement of maases of, produced by 
inequality of temperature, 274. 

— atmospheric vapour, 276. Analysis of 
the air. 278. 

Alblte or soda felspar, 620. 
Albumen, vegeUble. 740, 912> 1019. 

— animal, 1019, 1021. 
Albuminous ferments, 809. 
Alcargen, 801. 

Alcarrin, or liquor of cadet, 799, 800, 80S. 

Alooate, solid, 506. 

Aleoates, crystalline, compounds of alco- 
hol with various salts, 768. 

Alcohol, 142. DUtUled fhnn liquids after 
vinous fermentation, 760. 

— ita expansion by hmt, 763. 

— type, 781. 

— absolute, 761. 

— its compounds. 768. 

— products of Its combustion, 762. 

— congeners of, (of an uncertain constitu- 
tion) 791 et aeq, 

— medtic, 795. 

— amillc, 813. 
Aldehyde 710, 780. 

— its type, 782. 

— ammonia, 782. 

— (met-), 781. 

— mesitic, 798. 

— resin of, 782. 
Algaroth, powder of, 639. 
Alkalimetry, and the alkallmeter, 466, 

602. 
Alkaline earths, their metallic baaes, he, 
142, 485, 960. 

— reaction, neutralised, 466. 

— solution, bitter, 749. 
Alkalies, of 466 et aeq. 

[See sodium, potassium, ftc.] 
AlkaUes, hydrated, 680. 

— vegeto-, 970. 

— chemical action of, on various sobstan- 
ces, 753. 

Alisarin, 925. 

AUantoin, 7M. 

Alioxantln, dimorphous, 1009. 

Alloy, white, of nickel, 671, 673. 

Alloys of bismuth, 696. 

— of cadmium, 578. 

— of copper, 585. 

— of gold, 674. 

— of lead and tin, 596. 

— of diver, 673. 
Alloys of tin. 606. 

— of sine, 676. 

Almonds, oil or essence of bitter, 710, 735, 
852. 

— the white of (sweet and of bitter), 868. 
Alum, burnt, 517. 

— ammonlacal, 618. 

— soda, 518. 

— salta Isomorphooa with, 618^ 619. 
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Alum, 515 at atq, 
— • chrome, 61 1. 

— IroD, 566. 

— lUte, 516. 

•— stone of the Roman states, 516. 
Alnmlnap acetate of, 785. 

— hydrate of, 512. 

— salU of, 515. 

— sulphate of, 515. 

— sulphate of potash, 515. 

— nitrate of, 519. 

— sUlcates of, 519. 

— insoluble phosphate of, 519. 

— melUUte of, 936. 

Aluminum, anhydrous chloride of, 510, 
518. 

— fluoride of, 514. 

•-- flulphocyanideof, 515. 

— sulphuret of, 518. 
Aluminum, its class, 143. 
Amarythdn, 921. 
Amber, ^5. 

Amblygonite, a phosphate of alumina and 

lithia, 519. 
Amides, 177. 

Amidin, or gelatinous starch, 780. 
Amidogen and amides, 177.406. 

— tables of the corresponding compounds 
of acetyl. 805 to 807. 

Amilene, 816. 
Ammonia, 408. 972, 1013. 

— oxalurate of, 1009. 

— alum, 186. 

— aceUte of, 785. 

— bichloride of tin and, 606. 

— chloride of mercury and, 656. 

— with anhydrous salts, 412. 

— hydrochlorate of, 408. 

— carbonic add and, 411. 

— in solution, 410. 

— molecular formula of, 782. 

— neutral melUtate of, 986. 

— oxalate of; 988. 

— phosphate of magnesia and, 508. 

— compounds of cyanic add and, 992. 
-^ salts of, 175. 

— sulpha'.e of, 518. • 

— neutral tannate of, 940. 
Ammonlated salts, 418. 
Ammoniacal gas, 409, 992. 
Ammonlacal alum, 518. 
Ammoniaret of silrer, 668. 
Ammunlo-nitrate of silrer, 682. 

— sulphate of copper, 638. 
Ammonium, 144, l75, 418. 

— its chloride, &c. 418 et «eg. 

— theory, 175. 

— and ethyl series, on the relation be- 
tween tiiem, 808. 

Amphibole or hornblende, 509. 
Ampbigen or leucite, 520. 
Ainiegdnlates, the, 849. 
Amygdalic add, 848. 
Amygdalln, 196, 847. 

— bodies deriTcd from Its decomposition, 
847 et geq. 

Amyl,811. 

— series of compounds, 811. Table 812. 

— bromide of, 814. 

— hydrate of oxide of, 818. 

— iodide of, 814. 

— chloride of, 818. 

— chlorinated chloride of 814. 

— sulphates of oxide of, 814. 

— acetate of oxide of, 815. 

— chlorinated aceUte of oxide of, 815. 
Amylaceous and saccharine substances, 

787. 
Amytene, bihydrate of, 818. 
Analcime, 520. 



Analyses, of, 107. 

Analysis of organic compound substances, 

698, 976. 
Animals, food of, 1014. 
Anhydrite, mineral, 497. 
Animalcnife of stagnant water, 1022. 
AnUlc add, 917, 
AniUne,919,920. 
Animal charcoal, 5)7. 

— fat. 958, 959, 1017. 

— organisation, 727; processes, 1011. 

— substances, salts produced by potas- 
sium and, 984. 

— secretions, 1043 to 1064. 

— solid parts, 1054 et ueq, 

— heat, 1018. 

— extracts and substances, 1084, 1086, 
&c. 

Anthiarin, 910* 

Anthradte a nearly pure carinm, 299. 

Antimoniate of potash, 641. 

— of soda, 641. 
Antimonic acid, 641. 
Antimonlous acid, 641. 
Antimony, 145. 

— sulphurets of, 696, 637. 

— oxide of, 637. 

— chloride of, 638. 

— pentachloride of, 642. 

— sulphate of, 689. 

— predpitated sulphuret of, 151. 

— and potash, the oxalate of, 639. 
the tartrate of, 639. 

Ants, red ; and formic acid, &c. 827. 

— artificial oU of, 08I. 
Apatite, 488. 

Apples, and thdr add, 951. 
Aichll weed, 920. 

— of commerce, 921. 
Ariclne, 975, 982. 
Arragonlte, 139. 
Arrangement, chemical, 158. 
Arrow-root, firom the marantha amndina- 

cea,788. 
Araenlates and phosphates isomorphous, 

187. 
Arsenlates of the earths and allcalies, 680. 

— of sUver, 6.^. 

Arsenic, Its characters and properties, 627. 

— iu dasslfication, 145. 

— add, 628. 

— bromide of, 681. 

— chlorides of, 631. 

— fluoride of, 631. 

— iodide of, 681. 

— Sulphurets of, 680. 

— reduction of the sulphuret of 634. 

— tests and testinjr for, 682. 

— and hydrogen, 08I. 

— solid araenluret of hydrogen, 681. 
Arsenlous add, 146. 627. 

— tests of, 632, et »eq, 

— antidotes for, 636. 

— phenomenon obserred during its crys- 
taUiiation, 153. 

Arteries, mldd.e coat of the, 1040. 

Asparagin, 908. 

Atmosphere, the, 272. Temperature of 
the, 278. Blue colour of the slcy, 274. 
Winds, 274. Mean pressure of the at- 
mosphere, 47, 272, et 9eq, 

Atmospheric air, weight of the oxygen and 
nitrogen in, 279. 

Atomic theory, 119.729. 

— weights, 120. Definition of. 121. 
Atoms of the elementary bodies, how re- 
presented, 120. 

— spedflc heat ot, 122. 
Atropine. 975,982. 
Auglte, 509. 
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Attraction, electrical and magnrtical repul- 
sion and, 204, &c. 
Aurate of ammonia, 676. 

— of potash, 676. 
Auric oxide, 676. 
Aurum, see Goid. 
Aurum musivum, 604. 
Azoerythrin. 923. 
Azolitmin, 923. 
Azote, protoxide of, 283. 

— deutoxide of, 286. 
Azotic acid. 291. 
Asotousacid, 288. 

Balsams of Pern, Tolu, &c. 868, 869. 
Barium, its classification with strontium 

and lead, 143,485. 
— - chloride of, 487. 

— sulphate of, 488, 

— nitrate of,"488. 

— peroxide of, 487. 
Barlr, grey, 979. 

— yellow, 979. 

— quinquina, 983. 
Barley-sugar, transparency of, 43. 
Barytes, <to5. 

— the hydrate of, 486. 

— solution of, 487. 

— chlorate, &c. of, 489. 

— carbonate of, 487, 489. 

— isethionate of, 779. 
~ oxalate of, 933. 

Bases, chemical, 137. Law of their com- 
binations with acids, &c. 163, 751. 

— organic, 970, 975. 

Basic salts of lead, 750, 945, et poMim. 
Beer, of, 745. 

— Bavarian, 783. 
Benxamide, 736, 853. 
Benzilate of potash, 736. 
Benzile, 736, 862. 
Benziiic acid, 863. 
Benzimlde, 862. 
Benzin or benzole, 736. 
Benzoate of peroxide of iron, 566. 
Benzoates, the, 851, 854. 
Benzolcacid. 849, 851. 
Benzolne, 862. 

Benzoyl or benzoTle series of compounds, 
849. 

— hydmret of, 735, 852. 

Berberin, obtained flrom roots of the bar- 
berry. 930. 
B.ryl, 526, 

Binary theory, the, 109, 165, 729. 
Bismuth, general account of, 596. 
» tbe suboxide, 596 

— protoxide, sulphuret, chloride, sulphate 
of the oxide, and nitrate of, 148, 597. 

— subnltrate, magistery, and peroxide ot, 
598. 

~ the alloys of, 598. 

Bitter of Welter. 917. 

Bittern of sea- water, 463. 

Bitumen, of, 846, 

Bile and biliary secretions, of, 1044. 

— sugar, 1045. 
Biliary matter, 1046. 
Bilin, 1045, 1046. 
BiUverdin, 1048. 
Black lead, 299. 

Bleaching acids and compounds, 500, 502, 

916. 
Bleaching powder, 498, 500, 502. 
Blood, and animal secretions, 196, 727, 1017. 

— calcined, 984. 985. 

— pure serum of, 1030. 

— constitution of the, 1051. 
Blue basic Prussian, 564, 565. 

— copper ore, 582. 



Blue, Prussian, precipitated with a salt of 
protoxide of iron, &c. 503, 658, 564, 968, 
990. 

— Tumbull's, 557. 
Boilers, various forms of, 58. 
Boiling temperature of liquids, 47. 
Bones, of the, 1054. 

Boracic acid, liberated, 194, 311. 
Boraclte, mineral, 509. 
Borate of soda, 194. 

— of magnesia, 509. 

— of soda and magnesia, double, 509. 
Boron, and boracic acid, 147, 309. 

— fluoride of, 398. 

Brain, substance of the, 1056. 

Breezes, land and sea, 275. 

Brewing, process of, 74.% 788. 

Brezilin, colouring matter of BrexU wood, 

929. 
Bromal,79l. 
Bromldeof cart>on, 383. 

— of phosphorus, 382. * 

— ofsiUcon, 383. 

— of sulphur, ^ji2. 
Bromlnated ether, 791. 
Bromine, the element, 145,380. 

— its preparation, 380. 

— properties of, 881. 

— chloride of, 382. 

— action of upon ethyl, acetyl and their 
compounds, 786. 

— compounds of formyl with, 882. 
Brucin«,975,980.981. 

Brunolic acid, 841. 

Butter, volatile acids of. 954. 

— of cocoa, nutmegs, &c. 956. 

— butyrous qualities in milk, 1052. 
Butynme, 954. 

Cacodyl, 799. 

— chloride of, 802. 

— cyanide of, 802. 

— oxide of, 800, 803. 

— sxdphurets, 801. 
Cacodylic acid. 801. 
Cadet, liquor of, 799. 
Cadmia fossilis, 577. 
Cadmium, of, 577. 

— oxide of, and sulphuret of, 137, 577. 

— definite alloys of, 578. 
Caffdcacid, 911. 

Caffein, obtained teom coffee, 910. 

CiO«put oil, 895. 

Calamine, 573. 

Calc-spar. 139, 140. 

Calcium the basis of lime, 491. 

— chloride of. 494. 495, 821. 

— sulphurets of, 494. "^ 
-<- fluoride of, 495. 

— peroxide of, 494. 

— phosphuret of, 494. 
Calomel, 829. 

— black compound by solution of ammo- 
nia with, 732. 

Camomile, oil of, 898. 

Camphogen, 899. 

Camphor, of, 899. 

Caoutchine, 901. 

Caoutchouc, passage of gases through a 

sheet of, 76, 901. 
Capillary action, 72. 
Capnomor, 841. 
Caramel, 750. 
Carbamide, 408. 
Carbon, general description of, 298, et se^t 

— iU class, 147. 

— bisulphuret of, 139, 427* 
^ of plants, 281. 

Carbonic acid of the atmosphere, 280, 1012. 

— acid, 804. 
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Carbonic acid, fluid, 6. 

— oxide aald to be contained In adds, 981. 
Carthamln, 928. 

Cassava, 788. 

Casein, 1019. Also casenm, or coairalated 
milk, 1028. ^* 

— vegetable, 1020. 

Caseous principle, and cheese, 1052. 
Cast Iron, 549. 

— white, 550. 

Castor oil, and its acids, 967. 
Catalytic agents, 195, 723. 
Catalysis or decomposition by contact. 195. 
723. •^ • ' 

CatalvUc force explained, 195, \96et§eg. 

CatecWn, 943. 

Catechu, 943. 

Caustic potash, 985, 989. 

Cedriret, 841. 

CelesUne, 490. 

Cemeut, Roman, 494. 

Gentaurium minorius, 726. 

Cerebricadd, 1057. 

Cerium, formlate of, 830. 

Ceruse or white lead, 591. 

Cetyl series of compounds, 879. 

— hydrate of oxide of, 879. 
Cevadic acid, 955. 
Chabasie, mineral, 144. 

Chains, polar, repulsed by each other, 204, 

&c. 
Charcoal, and Its varieties, 299, et seq, 

— crystalline forms of, 139. 
Chelidonine, 974, 982. 
Chemical affinity, 179, etseq. 

— nomenclature and notation: Table i, 
94. Table ii, 95. Table ill, 96. 

— terms, comparison of some old and new, 
161. 

— theory, 179. 

— types 716, 722, etaeq, 

— pneumatic, 70, &c. 
China-clay or kaolin, 620. 
Chloracetic acid, 731, 790. 

Chloral, a fluid oleaginous liquid, 789t, 

— hydrate of, 789. 

— insoluble, 789. 

— mesltic, 798. 
Chloranile, 919. 
Chlorhydric add, 867. 
Chlorides, 861. 659, 821, 832. 

[see the substances and metals nomina- 
ftm.] 

Chlorimetry, experiments in, 602. 
Chlorine, a simple substance, 354, 602. Its 

class and affinities, 355. Process fbr its 

preparation, 857. 

— its compounds with other elements, 99, 
986. 

— its classification with iodine, bromine 
and fluorine, 145. 

— properties of, 859. 

— uses of, 860. 

— its action upon ethyl, acetyl and thdr 
compounds, 786. 

— its action upon oxide, and upon chlo • 
ride of methyl, 834, 835. 

— Its substitution for hydrogen, 716, 718. 
Chlorisatin, 736, 918. Bichlorisatin, 918. 
Chlorisatinic acid, 736, 918. 
Chlorisatyde, 918. Bkhlorlsatyde, 919, 
Chloroid, the term, 216. 
Chloromenthene, 897, 
Chloronaphtalese, chlorhydrate of chloro- 

naphtalase, &c. 843. 
Chlorophyl, 907, 
Chlorosalicyllmide, 736. 
Chlorous attraction, 204. 

— or negative elements, 739. Their or- 
der, 731. 



Chloroxalic ether, and compounds derived 

ftt>ra it, 720. 
Cholesterin, 1048, 1058. 
Chollc add, 1047. 
ChoUnlc add, 1048. 
Chondrin, 1089. 
Chromate of lead, 614. 

— the subchromate of lead, 614. 

— of silver, 614. 

— of magnesia, 615. 

— of soda, 614. 

— of potash, 618. 

— the yellow, 618. 

— the red, 618. 

— the terchromate, 614. 
Chrome alum, 519, 611. 
Chrome Iron, 612. 
Chrome yellow, 614. 
Chromic add, 612. 
Chromium, of 608, et»eq. 

— oxide of, 138, 609. 

— the hydrated oxide, 610. 

— sesqnisulphuret of, 610. 

— sesquichloride of, 610. 

— sesquicyaaide of, 991. 

— sulphate of, 611. 

— oxalate of potash and, 611. 

— terfluoride of, 615. 

— salts of the oxide of, 143. 
Chronometers, balance-wheel of, 5. 
Chrysene, 841. 

Chrysoberyl. 526. 

Chyle and chyme, 1044, 1045. 

Cinchona, bark of, 979. 

Cinchonine, 974, 979. 

Cinnabar, 151, 654. 

Cinnamic acid, 867. 

Cinnamon, oil or essence of^ and bodies de- 
rived from It, 806^ 

Cinuamyl, and its series of compounds, 
866. 

Citrates of silver, copper, lead, &c. 945. 

Citrie add, its decomposition by heat, 712. 

— products of its decomposition, 944. 
Classification of elementary bodies, 142, 

etseg. 
Clay, varieties of: silicates of alumina, 

519. 
Climates 273, ei geg. 
Clouds, colours of the, 274. 

— origin of, 276. 
Cloves, oil of, 89. 

Coal, producU of the dlstlllatfoa of, vis : 
leucol, pyrrol, naphtaline, &c. 841. 

— gas, 715. 

— caking, 715. 

— cannel, 715. 

— wood, 711. 
Coal gas, 75. 
Cobalt, of, 567, 

— the oxide saffre, 567. 

— protoxide, phosphate, &c. of, 668, 569. 

— sulphureu of, 570. 

— the cyanides of, 991. 
CobaltlcyanIdeofpoUs8ium,991. Cobalti. 

cyanogen, 991. 
Coclnic add, 956. 
Cocoa, 956. 
Coddne, 974. 978. 
Cohesion, force o^ 179. 
Colchicine, 982. 
Cologne, eau de 885. 
Colophony, or resin of turpentine, 889. 
Colouring matters, neutral 912, 920, 925. 
Columbium, 646. 
Combination of chemical substances, &c. 

190. 
Combination, laws of chemical, 109, 120b 
Combining proportions, 103, 107. 
Combustion, principles of, 287. 
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Cottbnstioay tanmot for, 700. 

— tube for» 099. 
Comenic acid, 987. 
Condnction of h«tt, lawi, 88. 
Condne, conicine, or conla, 97ft, 9S2, 
Contact, of decompoaitioa by, 19ft, H §eq. 
Contagion, matten producing, 282. 
CopahuTlc add, 892. 
Co[>aiba,oUof,892. 

Copper, or cnprum, ft78L 

— anbcfalorlde, 8cc. of, ft80. 

— protoxide of, 681. 

— acetates of, ft84. 

— aHoya of, ft8ft. 

— Its chloride and carbonatea, 682. 

— iaethionateof77». 

— ozldea, 8cc, 679, 681. 

— oxalate of, 988. 

— oxalate of potash and, 684. 

— sulphates of, 107, 682 et »eq, 

— ammonia-sulphate of, 083. 

— ammoniacal oxide o^ 681. 

— subsnlphatea of, 688k 

— subsulphnret of, 144. 
Copperas, 668. 

— class of sulphates, 107. 
CorroaiTe sublunata^Oftft. 
Corydallne. 976, 982. 
Coumarln, 911. 

Creosote and its compoiuMis, 889. 
Croconate of lead, 9Sa. 

— of potash, 984, 936. 
Croconlc add, 934. 
Crotonlc acid, 956. 
Cryophonis of WoUaaton.OS. 
Crystalline form and atomic constltntloa 

of bodies, their relation, ISHi etteq, 
Cry8talIiBatlon,of, 180, etneq. 030,089, 762, 

830,962. 

[see descriptions of the crystallisation d 

various substances numinaiim.'] 
Cubelw, of, fh>m piper cubeba, 898. 
Cudbear, or peraio, 924. 
Cumlnie add, 898. 
Cumyl or cuminol, 890. 
Curarine, or curara poison, 962, 
Cyamelide, 992. 
Cyanates, alkaline, 734, 992. 
Cyanic add, 734, 992. 
Cyanides of silTer, iron, potash, etc. 782. 

984,989. 

— of meivnry, 001, 002, 782, 989. 

— the double, 989. 

— of hydrogen, 788. 
Cyanogen,^ 988. 

— compounds of, 99, 988» 992. 
Cyanol, 841. 

Cymene, 890,897. 

Daphnin, 911. 
Daturine, 982. - 

Decomposition of animal matters, 1088. 
Defli^ration of combustibles, 297. 
Bdphinlne, 976, 982. 
Dev, depodtionof, 80. 
DexUln, or mucilagiuous starch, 742. Co- 
lourable or not colourable by iodine, 748. 
IMabetic sugar, 762. 
Dialuric acid, 1009. 
Diamond, the 298. 

— glailer's, 299. 

Disstase, aTegetable prlndple» 190, 744. 

Dichrolte, 621. 

Dtifttsion of gases, 71, 72. 

Digestion, laws of, 1018, 1021, 1048. 

DilatabiUtT of fluids, 0. 

Dilatation of solids by heat, 8. 

Dimorphism, 160. 

Distyslu, 1046. 

Diathene,62(k 



Distillation, 69. EngravlDgi Uhtstrmtive of, 
60,00. 

— dry, 711. 

— with an alkali, 709, 817. 
Dolomite, a magneslan limestone, 600. 
Drying, of, 88. Illustration of a drylag- 

stoTe, 88. 
Dry rot, 769. 
DuctlblUty of meCala, 43. 
Dutch liquid, 784. 
Dydng, use of ahun ki, frlO, 909. 
' lichens used in, 920 926. 

— madder for, 926. 987. 

— use of logwood fhr, 928. 
^ BrasU wood, 929. 

Earth's temperature, the, 88. 
Earthenware and pcyttefy, 661. 
Earths, metaldc bases of the, MO. 
Eggs, white of, 1019, i021. 

— coagulated, 1038. 
Elatae, 909. 
ElafcUc add, 906. 
Elayl, 791. 

Electrical phenooMoa, 199, 200, ftc. 
Electrical theory as modified by Mr. Vwnt- 

day, 206. 
Electrldty, of, 200. 

— conductors of, 610. 

~ the voltaic dide, 196 to 226, 641, e< 
posrim. 

— of fMctioD and of high tension, 226. 
Elemcnta : First class, 142 j second, 142 

third, 143 ; fourth. 148, 144> fifth, 146 
sixth, 146; seventh. 140; dgbth, 147, 
ninth, 147; tenth, 147; deventh, 147. 
Those without Isomorphous relations 
not classified, 147 et acq. Table of Iso- 
morphous elements, 148. 

— thdr arrangement in compounds, 168. 

— names of, with tlMlr symbols and least 
combining proporUons» 94 toOO. 

Ellagic add, 989,948. 

Emerald, 62(S. 

Emetine, 970, 962. 

Enamel, 004. 

EucheUde monad, 1022. 

Equivalents, or equivalent quantities, I08» 

Definition of, 121. 
Eremacausis, 712. Definition of, 718. 
Erythrylln, 921. 
Erythrln, 921. 

— bitter, 921. 
•^ pseudo,921. 
Erythroldn, 928. 
Esculin, 900. 

Ethal, and the cetyl seriea of componndi^ 

879,968. 
Ether, or sulphuric ether, 708 to 700. 

— formatioB ol^ 771. 

— carbunic, 776. 

— chloropyromudc, 760. 

— chloroxalic, and Its eomponnds, 720, 
787. 

— chioroxi-carbonic, 777. 

— cyanic, 777. 

— formic. 829. 

— hydrochloric, 700. 

— hlppuric, 777. 

— mudc, 760. 

— Bitroos, 774. 

— csnanthlc, 726, 817. 

— oxalates of, 776, 776. 

Ethal oxalic, and Its compounds, 71 9. 

— pyromudc, 760. 

— salts of, 708. 

— type, 731. 
~ acetic, 786. 

— oxalic, 776,776.1 

— heavy chlorinated, 790. 
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Etlial, sericlc 957. 

— verotric, 956. 
Etherine, 791. 
Ethers, theory ot, 178. 
Ethyl, 7eO. 

— aeries of compounds of, 760 et teq, 

— cyanide of, 7w. 

— hydrated oxide of, 760. 

— oxide of, 7^. 

— chloride of, 766. 

— bromide of, 766. 

— hlppurate of oxide of, 777, 

— iodide of, 766. 

— the sulphurets of, 766, e< ttq, 

— benxoate of oxide of, 777. 

— bisulphuret of, 768. 

— bicyanarate of oxide of, 777 , 

— seleniuret of, 768. 

— teUuret of, 768. 

— salts of oxide of, 768. 

— acid f ulphate of oxide of, 769. 

— acid phosphate of, 774. 

— sulphates, arseniate, carbonate, and ni. 
trate of its oxide with various substan* 
oes, 774. 

— protochlorinated chloride of, 784. 

— relation between the series of ammo> 
nium and, 803. Tables 805 to 807, 812. 

Ethyl, sulphocarbonate of oxide of ethyl 
and water, 777. 

— transformations of the bodies contain- 
ing, 778. 

— sulphate of oxide of, and of etherole, 
77S. 

— acetate of oxide of, 785. 

— products of the action of chlorine, bro- 
mine and iodine upon, 786. 

— oxichloride of, 786. 
Enchrone, and enchronic acid, 986. 
Enclase, a sllioate, 526. 
Eudiometer, Ure's, 278, 279. 
Eupion, 889. 

Evaporation, 463, 977, 984. 
Evaporation in vacuo, 61. 
Excrements, 1049. 
Expansion of solids, 2. 

— of liquids, 6. 
Extractive matter, 713. 

Eye, of the, 1058. Its aqueous and vl- 
treouf humours, cornea, crystalline lens, 

fiigmentum nigrum, and scelerotica, 
058. 

Fahlerze, 668. 

— formula of Its composition, 668. 
Fatandiuet, 958, 1017, 1056. 
Feathers, constituents and material pro- 
perties of, 1042. 

Fecnla, 737. 

Fell par, 520. 

Fellinic acid, 1047. 

Fermentation, 196, 788, 783, 809, 817. 

— of sugar, 749, 760. 

— by yeast, 743, 746, 757, 760. 

— acetous, 783. 

— vinous, 760. 

— of vegetable Juices, 760, 809. 
Fermentations, lactic and viscous, 808 et 

aeq. 

Ferments, action of, 723. 

Ferric oxide, 560. 

Ferrocyaulc acid, 783, 990. 

Ferrocyanides of copper, hydrogen, potas- 
sium, and those denominated double. 
990, et seq, 

Ferrocyanides, the, 990. 

Perroso* ferric lulphate, 566. 

Fibriv vegetable, 1019, 1020, 1024. 

animal, 1056. 

Flame of coal gas, 424. 



Flint glass, 8. 

Fluidity as an effect of heat, 89. 

Fluids secreted and subservient to diges- 
tion, 1043. 

Flnor spar, 495. 

Fluoride of silicon, 399. 

of boron, 399. 

Fluoride of aluminum, 514. 

Fluorine, specific gravity of, 135. 

Muoriue, of, 394. 

Fluosilisic acid, 399. 

Fluoboric acid, 396. 

Formlates of ammonta, 829. 

of bary tes, 830. 

of oxide of ethyl, 829. 

of cerium, 830. 

of lead, 831. 

of oxide of methyl, 829. 

of potash, 880. 

of soda, 829, 830. 

of alumina, 880. 

of silver, 881. 

Formlates, the, 829. 

— — of suboxide and oxide of mercury. 831 . 

of manganese, iron, zinc, ouimium, 

nickel, cobalt and copper, 830. 

Formic acid, obtained flrom red ants, 827, 
et seq. 

ether, 829. 

Formyl, series of compounds, 826, et eeq. 

compounds of, with chlorine, bromine 

and iodine, 832. 

chloride, bichloride and perchloride 

of, 832, et eeq. 

perbromide and periodlde of, 883. 

sulphuret of, 834. 

Fouaeloil, 811, 813. 

Freexing of water by its own evaporatioa, 
62. 

Friction, phenomena of electricity by, 225. 

Frost, 37, see Ice.. 

Fmit, sugar and adds of,, 752, 961. 

Fucus palmatus, 383. 

Fumaramide, 953. 

Fumaric acid, 952. 

ether,. 953. 

Fumigation by nitric acid, 298. 

Fulminating ammonlaret of silver, 668. 

Fuiminic acid, 168, 995. 



Gadolinlte, the mineral, 163. 
Gahnite, an aluminate of sine, 613.. 
GaUpot, 891. 
GaUic acids, 939 to 948. 
Galvanometer, with an engraving,. 240.. 
Gases, the liqulflable, 78. 

diffusion of, 69. 

rushing of, into a vacuum, 76. 

their passage through membranes, 76. 

the permanent, 66. 

specific gravities of the, 180. 

Gaseous bodies, Table I of their specific 

gravities, 138. Table II and symbolic 

formulee of the same, 134. 
Gaseous state, relation between the atomic 

weights and volumes of bodies in the, 

126. 
Gastric Juice, Its agency, 1044. 
Gaylusslte, 497. 
Gelatin, the basis of glue, sise and animal 

)eUy, ^1036. Products of iU alteration 

and decomposition, 1038. 

sugar, or glydcoll, 1039. 

German silver or packfoug, 673. 
Glass, of, 165, 480. 

composition of the varieties of, 480 

expansion of, 3, 5. 

— « unequal expansion by heat of plate, 6. 
white Bohemian, 699. 
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Olau, of antimoiiT^ 638. 

•^-^ and platinum cemented together, 8. 

OloboUn, 1036. 

Olucic acid, 754. 

Glucina, the earth, 925, 538. 

Gludnum, 525. 

Glucose, 752. 

Gluten, of, 745. 746, 912, 1019, 1020. 

of indigo, 91S. 

its conversion into ycMt, 724. 

Glyceryl, of, 877. 

hydrate of oxide of, 677. 

— — anhydrouB oxide of, 956, 959. 

Glycerin, 709, 877, et $eq. 

Gold, its native form, crystallization. Ace, 

074. 

quartation of the alloy, 874. 

cnloride, oxide, and sulphuret of, 875. 

— — peroxide of, 676. 

sesquisulphuret, sesquichlortde or per- 

chloride of, 678. 
— — sesquibromide of, 879. 

iodide of, 679. 

—— chloride of potasshim and, 879. 

of sodium and, 879. 

— — — — ot ammonium and, 679. 

sails of (a Eliminate and selenlate) 

879. 
Grape sugar, 752, 754. 
Graphite, 139. 299. 

artificial 299. 

Green, mineral, 582. 

Gum, of, 758, 1015. 

— ^arabic, 758. 

British, cormpoodlng with dextrin, 

744. 

tragacanth, 758. 

resins, 907. 

Gjrpsum, 497. 

Hail, formation of, 278. 

Hair, 1041, 1042. 

Harmotome, 521. 

Heat, nature and laws of, 1 et teq.Wetaeq. 

—— central, of the earth, 38. 

specific, of atoms 122. Capadtleaof 

compound atoms for heat, 125. 

absorption of, 41. 

^— assumption of latent, 42, 82. 

— — products of its action upon acetic add 
and the acetates. 796 elteq. 

— — its transmission, through media, and 
the eiTect of screens, 82. 

Hedyphane, 498. 

Hellebore, white, 961. 

Hematite, brown, 580. 

red, 560. 

red and brown, 548. 

Hematociu, 1034. 

Hematoxylin or hematln, 928, 929. 

Hemlock, 982. 

Hesperidin, 911. 

Bippuric acid, 854. 

Honeystone, 936. 

Hornblende, a silicate of lime and mag- 
nesia, 509. 

Horny matter, compact, membranous, 1041. 

Huraboldite, 932 

Humus, 713, lOK. 

Hurricanes, rotary evolution of, 278. 

Hyadnth, 527. 

Hydrate of barytes, 488. 

Hydrates, definitions of the, 102. Ele^ 
ments of various, 736. 

Hydriodates of ammonia, &c., 148. * 

Hydriodic add, 388. 

Hydrobensamide, 738. 

Hvdroboradte, of what substances com- 
bined, .S09. 

Hydrochlorate of morphia, 978. 



Hydrochloric add, 131,882j of coniiBerc*, 

385. 

concentrated, 385. 

properties of, 88S. 

Ubles of deusity, 384. 

ether, 718, 768. 

Hydrocyanic add, 985, 968, et ttq, 

d|beous solution of, 967. 

.^» how recognised, 988. 

Hydrogen, 255. 

the combining measure and volnmc 

of, 128, 129. 

arsenietted, 881. 

a chlorous constituent of certain com- 
pounds, 721. 

ferrocyanide of, 990. 

peroxide of, 159. 

Hydrobromic add, 881. ^ ,^_, 

HydroBulphuret of thetulphuret of cCotI, 

767. 
Hydniret of bencoyl, 735» 852' 
Hyoscyamine, 982. 
Hyperchloric acid, 100. 
Hypoehlorous add, 500. 
Hyponitrous add, 288. 
Hyponitric add, 290. 

Ices for the table, 44. 
Ice, liquetectlon of, 44. 
Indigo, blue, 912, 915. 

sulphate of, 502, 918. 

gluten of. 913. 

— brown, 913. 
red, 918, 914. 

white or reduced, 916. 

action of ftised potash on, 917. 

Indigogen, 915. 

Indigotic add, 917. 

InducUve affinity, of 197 to 240. 

Infection in hospitals averted by fomigft- 

tlons. 298. 
Infection, matters productive of, 262. 
Insolubility, influence of, 189. 
Inulln, discovered in the root of Inala 

Helenium, 746. 
lodal, an oleaginous liquid, 791. 
lodates, salts of iodic add, 391. 
Iodic add. 389, 390, 8cc. 
Iodides, 888. 
Iodine, 145, 199. 

discovered In kelp, 363. 

— — compounds of, 388. 

preparation of. 383. 

ley, prepared from kelp, 884. 

— properties of, 388. 

uses in medicine, 363,-387. 

action of, upon ethyl, acetyl and thair 

compounds, 786. 

■ - compounds of formyl with, 832 et sef . 
Ipecacuanha, 982. 
Iridium, black scales of, 886. 

chlorides of, 690. 

oxides of, 889. 

—— ' peroxide of, 690. 

sulphurets of, 690. 

Iron, native, 542,543. 

black oxide of. 548. 

specular or oligistic iron, 648, 560. 

red and brown hematite, 546. 

spathic, 548. 

carburet of, 548. 

malleable, 550. 

stone, day, 548. 

diagram of the blast f^imace for 

smelting it, 547. 

solid slag of, 548. * 

properties of, 651 . 

converted into steel, 551. 

passive condition of, 553. 

— — observations ou the oxidation of, 581. 
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Iron, CMt, 548. 

black or magnetic oxide of, 563. 

——alum, 5 1 9. 

,bar poflflesalog magnetiam. Its po- 

lariied conditlou, tec, 202. 

— — unequal expansion of cast, 5. 

—^ clamps, atmospheric effects on, 4. 

wire, 2. 

— ~ arseniates of, 686. 

—— peroxide of, an antidote for arsenic, 
636. 

— — bensoateand succinate of peroxide of, 
566. 

cyanide of, 984. 

•— carbonate of, its formation, 558. 

ferrocyanide of potassium and, 557, 

984,987. 

—— ferricyanide of, 557. 

lactate of protoxide of 611. 

— — percompounds of, 660. 

perchloride of, 563. 

percyaiiide or sesqulcyanide of, 563. 

periodide of, 563. 

• pemltrate of, 566. 

peroxalate of, 566. 

peroxide of, 565, 940. 

the persulphates of, 565. 

—— protacetate of, 660. 

— — protocompounds of, 555. 

protoxide of, 555, 

— — protoeulphuret of, 556. 

yrotochloride of, 566. 

protiodlde of, 556. 

— — protocyanide of, 556, 990. 

— ^ protonltrate of, 559. 

solid protosalts of, 288. 

sesquiferrocyatiide, 564, 990. 

-— sulphate of, 558. 

— — sesquisulphnret of, 562. 

Isomerism, of, 155, et »eq. 

Isomorphism, doctrine of, 136, et »eq. Ob- 
jections to the principles of 138. 

Isomorphous relations of elementary sub. 
stances, 142 et »eq. 

Isomorphous elements, 148. 

Jerrine, 975, 961. 
Jewellers' putty, 604. 
Junipers, oil of, 892. 

Kaolin, 520, 522 et teq. 
Kelp. 388. 

— produces the iodine ley, 884. 
Kermes mineral, 638. 

Kinates of silver, copper, lead, and lime, 
958 954. 

anic acid, 953, 954. 
nolle, 954. 

Lactate of barytes, 810. 

— ofUme,808,810. 

— of magnesia, 81 1. 

— of urea, 811. 

— of alumina, lead, mercury and nickel, 
• 811. 

— of soda, potash and ammonia, 810. 

— of silver and protoxide of iron, 81 1 . 
Lactic and viscousfermentations iiOSetseq, 

— add, 808. 
Lactine, 755. 

Lake, the colour, 927. 

Lavender water, 885. 

Leaves, pure oxygen gas emitted by, 281. 

Lead, 585. 

— suboxide of, 587. 

— protoxide of, 687. 

— oxide of, 169, 588. 

— peroxide of 588. 

— red (minium), 588. 

— protosulphuret of, 5bU. 

— chloride of 5U0. 



Lead, iodide of, 590. 

— cyanides of, 590, d90. 

— white carbonate of, 591. 

— formiateof, 830. 

— sulphate of, 592. 

— silicate of, 152. 

— insoluble seleniate of, 838. 

— nitrate of, 592. 

— the bibaslc nitrate, 593. Tribaslc, 503. 
Sexbaslc nitrate of, 593. 

— the nitrites of, 593. 

— the various acetates of 59^ 595. 

— alloys of tin and, 595. 

— silver contained in, 595. 
Leather, various chemical treatments of. 

1037. 

— tawed, wash, and curried, 1037. 
Leconorin, 924. 

Legumln, or vegetable casein, 912, 1020. 
Lemons, oil of, 891. 
Leudn, 1027. 
Leucite, 520. 
Leucol, 841. 
Lichen starch, 747. 
Lichens, properties of, 920, 932. 
Light, mechanical properties of. 88. Com- 
mon light, 89. Polarized light, 89. 

Light, reflection and polarisation of, 274. 
Lignin or woody fibre, 753. 

— basis of, 758. 

— combines with nteutral salts, 759. 
Llgnin-sulphuric add, 759. 
Lignone, 896. 
Lime uncomblned, or quicklime, 491. 

— acetate of, 786. 

— carbonate of, 491, 496. 

— hydrate of, 492, 499. 

— sulphate of, 492, 497. 

— oxalate of, 495, 932, 933. 

— hyposulphite of, 497. 

— double carbonate of soda and, 497. 

— neutral salt of, 496, 948. 

— lactate of, 808. 

— nitrate of, 498. 

— phosphates of, 498. 
•— chloride of, bleaching powder. 498. 

— constitution of the chloride, 500. 

— its carlxinate dimorphous, 139. 

— carbonates of, characterised, 143. 

— lodate of, 391. 

— tartrate of, 947. 
Limestone, 491, 493. 
Limestone, magnesian, 506. 
Liquation, 599. 
liquefiiction, intermediate condition of, 

39. 
Liquefied gases, 6. 
Liquids, expansion of, 6. 

— produced by the condensation of gases, 
6. 

— boiling point of, 47. 
Liquorice sugar, 757. 
Utala, its hydrate, sulphate, phosphate, 

carbonate and chloride, 484. 
Lithia and alumina, silicates of, 521. 
Lithium, 483. 

— oxide and chloride of, 484. 
Litmus, 920, 923, A re-agent, 924 
Logwood, its use in dyeing, 928 e/ teq. 
Luminous phenomena of salts, &c. 153. 
Lymph, 1050. 

Magistery of bismuth, 598. 
Magnesia, preparations of, 504. 

— alba, the subcarbonate, of pharmacy, 
505. 

— carbonate of, 504. 

— the sulphates of, 606, 507. 

— nitrate of, 507. 

— borate of, 508. 

— silicates of, 509. 
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Magnesia, phoaphate of ammonia and, 606. 

— bicarbonate of potaah and, 506. 

— aluminate of, 518. 

— formiate of, 830. 

— nigra, 528. 

— nitrate of, 296. 

— iuta,504. 
Madder, of, 925, et teq. 

— purple, red, yellow, orange, and brown, 
962. 

Magnealte, 504. 

Magnealan aulphatea, 167. 

Magneaium, properties of, 508. 

» chloride of, 504. 

Magnet, the, 201. 

Magnetic bar, repreaenUKUon of a, 202. 

— power of certain metals, 529. 

— ore, 546. 

Magnetlcal indnctlon, 202 to 204. 

— polarity, 201, &c. 

Magnetism and magnetic phenomena, 199, 
201, &c. 

— theory of, 201. 

— Austral, 201. 

— Boreal, 201. 

Malachite, a natiTe carbonate of copper, 

582. 
Malates, the, 952. 
Malelc acid, 952. 
Malic acid, or of apples, 951. 
MalleabiUty of metals, 42. 
Malt, 745. 
Manganese, 142, general description of, 

528. 

— protoxide, deutoxide, and peroxide of, 

— alum, 519. 
Manganic acid, 142. 

Manna sugar, or mannite, 757, 608. 

Margarates, 958. 

Margaric acid, 951, 958. 

Margarone, 951. 

Marly clay, 524. 

Marshes, carburetted hydrogen of, 281. 

Miasmata of, 282. 
Marrow, the spinal, 1058. 
Matter, dependence of electricity upon, 

200. 

— combination of, its natural condition, 
729. 

Meconate of lead, 937. 

Meconic acid, and its congeners, 987 ei 

ueq. 
Meerschaum, 509. 
Melassic acid, 755. 
MeUlUtes, 985, 936. 
MelUte, a mineral, 935. 
Mellltic acid, 935. 
Melting of wax, tallow, sulphur and solid 

bodies, 42. 
Menispermine, 976. 
Menthene, 897. 
Mercaptan, 142. 

— formula of, 767.. 
Mercaptide of mercury, 767. 

Mercurial column, its depression produced 

by water vapour, 62. 
Mercuric compounds, 654. 

— nitrates, 663. 
^ sulphate, 662. 
Mercurous compounds, 649, 653. 
Mercury, expansion of, 6, 7, et »eq, 

general account of, 648 to 664. 

analogies of, 147, 148. 

bromide of 660. 

cyanide of, 661, 662, 733, 986, 989. 

— — of potassium and, 662. 
-^— tribaslc cyanide of, 662. 

fluid, 47. 

freesing of, 44. 



Mercury, Hahnemann's iolnble, 658. 

cyanide of, 564. 

chloride of, 655. 

chloride of, ammonia and, 656. 

chloride and suiphuret of, 658. 

double salts of chloride ot, 650. 

iodide of, 660, 151. 

— — nitrates of, 663 et *eq, 

oxlchloride of, 65& 

oxicyanideof, 662. 

red oxide of, 654. 

sulphate of, 662. 

suiphuret of, 151, 654, 659, 986. 

Meslte and meslten, 886. 

Mesityle, oxide, chloride, and chloropati- 

nate of oxide of, 797. 
Mesltylene, blhydrate of, 795, 7^. 
Mesotype, 521 . 
Metacechlorplatin, 797. 
Metacetone, a combustible liquid, 750, 

796. 
Metaldehyde, 781. 
Metals, the positive and the negative, of 

the voltaic circle, 209. Diagrams, 212 

et aeq. 
Metallic bases of the alkaline earths, 485. 

of the earths, 510. 

Metals, expansion of, 2 ei ueq. Their con- 

traction, 2. 
order of their affinity for nitric add 

oxygen, 186. 

sail-molecular structure of, 541. 

proper, having protoxides isomcHr- 

phous with magnesia, with bismuth, &c. 

o28 ei teq. 599, et pateim. 

Isomorphous with phosphorus, 627. 

formation of cyanides of, 988, 984. 

Methol, 837. 

Methyl, series of compounds, 819, 179. 

chloride of, 821. 

iodide of, 821. 

oxide of, 819. 

— ^ hydrate of oxide of, 820. 

sulphurets, fluoride, cyanide, &c. of, 

822. 

oxygen salts of, 822. 

nitrate, carbonate, and oxalate of, 

824. 

sulphates of oxide of, 622, 828. 

acetate, bensoate, bicyanurate and 

mucate of oxide of, 8*^. 
oxide of, its compounds of an imcer- 

tain constitution, 825. 
and its derivatives, products of the 

decomposition of, 825. 
action of chlorine upon oxide and 

chloride of, 834, 835. 
products of the distillation of woid 

in relation to oxide of, 836. 
Methylal, and tormomethylal, 827. 
Methylic ether, 819. 
Miasmata. 282. 
Milk, sugar of, 755. 
— - properties and constituents of, 1052. 

coagulated, as casern, 1028. 

Mineral, fibrous, of Caflraria, 51& 
— — waters, salts of, analysed, 195. 

factitious of Struve, &c. 196. 

Minium or red lead, 588. 

Molecular theory of organic compounds, 

729. 
Molecule, or chemical atom, 729. A com- 
plex organic, defined, 730. 
Molybdate of molybdic uxide, 621. 

of potash, 621. 

—— of soda, 621. 

the bimolybdate of soda, 621. 

of lead, 621. 

of magnesia, 621. 

— — of ammonia, explained, 631. 
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Motybdeimm, 147,619. 

ozldea of, 619,620. 

chlorides of, 622. 

tnlphureU of, 622. 

Molybdlc acid, 621. 

oxide. 621. 

If olybdoas oxide, 620. 

Morphine or morphia, 972, 974, 976. 

Morozite, 496. 

Mortar, hydraulic, 493, 494. 

Mosaic gold of the alchemista, 609. 

Macic add, 756. 

■ modifled, 766. 

eth«r 766. 

Muriatic acid, 866, 962. 

■ process for, 968. 
Mushroom sugar, 766. 
Murvxan, 1010. 
Murexide, 1009. 

Mucus, pus, and purulent matters. 
Muscle, animal, 1066. 
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Naptha, napthene, and napthol, 846, 847. 

Naphtallne, 841, 842. 

Naphtalln-hypoBulphuric acid, &c., 842. 

Narceine, 976. 

Narcotine, 974, 977. 

Natrium, 461. 

NatroUte, 621. 

Nerves of animals, tendons, ligaments and 

cartUages, 1056. 
Nickel, as an alloy affords imitations of 

sUver, 571, 673. 

iU characteristics, 672. 

oxide of, 672. 

— — protoxide of, 672. 

carbonate, nitrate of, 672. 

peroxide of. 672. 

protosulphuret of, 67.% 

— ~ snbsulphuret of, 673. 

chloride of, 678. 

sulphate of, 678. 

Nicotine, 988. 
Nitrate of silver, 682. 
Nitrates of copper, 296. 
.-^ of magneda, 296. 
— >— of mercury, 668, 663. 

of potash, 296. 

•— the subnitrates defined, 296. 
— — of certain elements, 143. 
Nitre in certain earths, 292. 
Nitric acid 286 to 296. 

its action on margartc and 

stearic acids, 966. ^^^ 

Nitric oxide, preparation of this gas, 286. 

properties of, 287. 

Nitrocumlde, 897. ^ . ,^,^ 
Nitrogen, 269. Free atmospheric, 1014. 
—— its class 146. 
estimation in organic analysis, 704, 

706. 

deutoxide of, 286. 

— — peroxide of, 290. 
NItronaphdehyde, 844. 
NitronaphtaUc acid, 844. 
NitronaphteUde, 844. 
NitronaphtaUsCj 844. 
Nitrons acid, 146. 288. 

gas, 286, 290. 

oxide, 283. 

its preparation, 288. 

lU properties, 284. . , «^ 

Nomenclature and notation, chemical, 94, 

864. 
Nutmegs, oily add of, 956. 
Nux vomica, 960. 

Odoriferous principles of plants and 
towers, 282. 



(Bnanthlc add, 817. 818. 

ether, 726, 817. 

OIU of anise, 894. 

of bergamotte, 898. 

-~— of carraways, 896. 

c^Jeput, 895. 

of cloves. 894. 

^^^ of copaiba, 892. 

of cubebs, 893. 

... of cummin, 896. 

ofelaml,893. 

of bitter fennel, 896. 

of lunlpers, 892. 

of hyssop, 895. 

laurel-turpentine 893. 

of lemons, 891. 

of pepper, 893. 

of peppermint, 897. 

of sarin, 892. 

of storax, 893. 

~—^ of turpentine, 886. 

lavenoer, 897. 

castor, 967. 

of cedar, solid. 897. 

of chamomile, 898. 

of roses, 898. 

—• of valerian, 898. 

of mentha riridls, 896. 

of rue, 898. 

of mustard, volatile 901. 

of grain-spirits or fousel oil, and 

bodies derived from It, 811. 

of anU, artificial, 831. 

of potatoes, 726, 812, 818. 

. palm, 956. 

volatile of almonds, 710, 735, 852. 

— of wine, sweet or heavy, 778. 

of wines, ethereal, 817. 

ftt>m seeds of croton tiglium, etc., 

956. 

of spir«a. 786. 

xylite, 837. 

essential, 888. 

those containing no oxygen, 886. 

those containing oxygen, 893. 

those containing sulphur, 901. 

adds formed by sulphuric add on 

thefst,068. 

fixed, 6, 968. 

— — sweet prindples of, 877. 

voUtUe, 888, et »eq. 954. 

Oily adds, 954, 956, 964, efsM. 

Oleates 966. Of potash, soda, lead, &c, 

966. 
01eette,969. ... 

Oldc add 969 ; and adds relating to it. 

Oleflant gas, 426,718. its type 781. 

Oldne, 1067. 

Oleophosphoric add, 1067. 

Olive oU, 958. 

Opium, 987. 

--- chemical bases of the white poppy, 
&c., 187, 972, 976 

Optics, of, 88. 

Orcnn of archil, 922. 

Ordn921, 169. ^, ^ 

Organic Chemistry, preliminary observa- 
tions 697. ^ , .^ 

compounds, molecular theory of, 7^. 

racUcaU, 983. .^ ^ , 

fubstanoes, definition, 697. Their 

composition and analysis, 698. Trans- 
formation of, 728. 

adds, 946. 

analysis, 699. 

bases 970, 975. 

compounds, artifidal processes pro- 
ducing modifications of, 708. 

processes of plants andanlmals, 1011. 
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Orpiment, 630. 
Otmlc add, 692. 
Osmium, 691, et seq. 

chlorides and ozidei of 691, 692. 

Oxalates 142,932. 

Oxalic acid, 931. 

ether, and oompoundi dcrlTed from 

it, 719. 
Oxamlde, 411. 
Oxichlorides. 362. 
Oxides of antimony, 687. 

carbonic, 931. 

— — ferrous, 555. 

of hydrogen, 96. 

of mercury, formlate of the suboxide 

and, 831. 
-— — molybdic, 620. 
— — molybdoos, 620. 

nitric, 286. 

nitrous, 283. 

^— of potassium, 142. 

stannic, 603. 

— — stannous, 600. 

protoxide, deutoxlde, peroxide, sea- 

quloxide, tritoxlde and suboxide, deflned 

composition of, 107. 

——of ethyl in the form of sulphates 

arsenlate, nitrate, carbonate &c., with 

other subsUinces, 774, 775. 

[%« For many of the Oxides see the 
metals, &c., nominatim,'] 
Ox.bile, 1045. 
Oxygen, 142. 

its class, 142. 

— — binary compounds of, 100. 

acid salU 167, 179. 

affinity of metals for, 186. 

— — absorption of, by alcohol, 715. 

and nitrogen of atmospheric air, 279. 

— action of free. 712. 
Oxygenated water, 159. 

Paints, we colouring matters. 
Palladium, the metal, 686. 

protoxide, &c., of, 687. 

nitrate, peroxide, and bichloride of, 

o88. 
Palladons compounds, 687. 
Palm oil. 956 
Palmitic acid, 957. 
Palmitine, 957. 

Pancreatic Juice, its agency, 1044. 
Papaver somniferum, 937, 974, 976. 
Paracyanogen, 989. 
Paraffin, 838. 
Paramorphine, 979. 
Paranaphtallne, 846. 
Paratartaric or racemic acid, 950. 
Paratartrates, salts denominated, 950. 
PecUn, of, 881. 
Penduhun rod of doclcs, 8. 
Periote (olivine or chrysolyte), 509. 
Peroxide of iron, 560. 
Peroxides of meuls. 138, 158. 
Persulphates of iron, 565. Doable per- 

sulphate of iron and sulphate of potash, 

565. 
Peruvian baric, 979. 
Perspiration, human, 1055. 
Pepsin, a peculiar animal principle, 1030. 

acetate of, 1032. 

hydrochlorate of, 1082. 

Petalite, 521. 

Petrifactions, calcareous, 497. 
Phloretic acid, 876. 
Phloretln, 876. 

Phloridiin and the bodies derived from it, 
876. 

Phloriseln, 875. 



Phosphates, see the various substanccf 
nomination. 

Phosphates, tribaslc, 168.' Earthy, 1014. 

Phosphorescent light of certain sub- 
stances, 748. 

Phosphoric add, 137, 346. 

i* hydrates of, 846, 786. 

hosphorous and hypo-phosphorous adds. 

Phosphorus, iu dass, 145. 

its properties, 840. 

— ■ essential to animal organisation, 839. 

its preparation, 389. 

•~» oxidation of, 341. 

oxides of 842, 848. 

vapour, 185. 

Phosphuretted hydrogen, 418. 146. 

bichloride of tin and, 605. 

Pieamar, 840. 

Plcrosmlae, hQ9, 

Picrotoxin, 910. 

Picromel, or sugar in bile, 1045. 

Pigments, tee Colour: 

Pipe clay. 524. 

Piperin, 008. 

Plttacal, 840. 

PlanU, ordinary constituents of 88 1, 1011. 

families of and particular, their cou- 

stituents, 908, et seq. 1012. 
neutral prindples peculiar to certaiu, 

906. Food of, 1012. 

See Vegeto-alkalles. 
Plaster of Paris, 497. 
Platlnic oxide, 684. 
Platinocyanic add, 991 . 
Platinocyanide of hydrogen, 991. 
Platlnous iodides and cyanides, 684. 
Platinum, Its expansion uniform, 2, 4, «< 

pnaritn. 

its derivation from pluta silver, 680. 

its properties, 681. 

chlorides and protochlorides of, 683, 

685. 

action of spongy, 185. 

black powder of, 682. 

-^— bicyanlde of, 991 . 

oxides of, 682, 684. 

peroxide of, or platlnic oxides, 684. 

Platinum, nitrate of the chloramide of, 

683. 

resin of, 797. 

sulphnret of, 682. 

Plumbagin, 911. 
Plumbago, 299. 

crystals of, 139. 

Plumbocaldte, mineral, 143, 588. 
Pneumatic trough, the, 72, &c. 
Pneumatics, observations regarding che. 

mlstry and, 70, 75. 
Poisons, mineral, 632, 636, 966, etpoMsim. 

vegcUble. 980, 981, 982, etptunm. 

of ilUcured meat, 727. 

Polarity, doctrine of, 200. 

and induction, the chemical, 204, 

et seq. 
Polarisation of light, 274. 
Poles and axis of the earth, 275. Currents 

of the polar atmospheric steam, 275, 

276. 
Polybaslte, 668. 
Polychrome, 931. 
Poppy, the, 937, 974, 976. 
Populin, 911. 
Porcelain, substances used in the manuAK:- 

ture of, 521. Dresden, 522. Sevres, 523. 

Staffordshire, 522. BerUn, 523. 
Porphyroxine, 979. 
Porphyry, 523. 
Potash, its relations with other substances, 

144, 444, 934, et passim. 
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Potash and alumina, double silicatM of 
620, 1014. 

— sulphate of aluminsB, and, 616. 
antimoniate of, 641. 

and antimony, oxalate and tartrate of. 

639. 
and magnesia, bicarbonate of 606. 

— croconate and rhodizonate of, 984, 
yellow chromate of, 613. 

bichromate of, or red cbronate, 613. 

bichromate of chloride of, 613. 

hydrate of 444, 786. 

hypermanganate of, 146. 

nitrate of, 296. 

oxalate of, 932. 

— — red prussiate of, 502. 

neutral tellurate of, 626. 

bltellurite of, 626. 

bistearate of, 960. 

tungstate of, 618. 

Potassium, 439. 

its class, 143. 

bichloride of tin, and, 606. 

• ferrocyanide of, 667, 984, 987. 

• ferricyanide of, 783. 

oxalate, &c., of chromium, 610, 

611. 

protochloride of tin and 601. 

Potato starch, 762. 
Potatoes, oil of, 726, 813. 
soianlne from, 983. 

• • It becomes add in contact 

with air, 816. 
Potter's clay, 624. 
Protein, modifications of, 1028. 

formula, &c. of, 1026. 

Protoxides of elementary bodies, 142. 
Prussian blue, 603, 664, 988, 990. 
Prussiates, 984. 
Prussic acid, 986. 

antidotal for, 986. 

Pseudo-morphine, 976, 979. 
Pteleyl, nitrate of oxide of, 798. 

chloride of 799. 

Pumice, 494. 

Purple of Cassius, 677. 

Putrefaction of meat, 727. 

PuKoiano, 494. 

Pyrallolite, 609. 

Pyramide, 936. 

Pyrene, 841. 

Pyroacetic spirit, 795. 

Pyrogallate of lead, 942. 

Pyrogallic acid, 042. 

Pyrophorus, 617. 

Pyrotartaric acids, liquid and solid, 949. 

Pyroxene, 609. 

PyroxyMc spirit, 820. 

Pyrrol, 841. 

Querdtrin, yellow dye, 930. 
Querdtronic acid, 931. 
Quinic acid, 963. 
Quinine, 972, 974, 979. 

— sulphate and subsulphate, &:c., of 

Quinqnina bark, 983. 

RadiaUon of solar heat, 88, 274. 

the cause of dews, 276. 

Radicals, the term, 160, 161. 

Rain, caiises of clouds, and, 276. 

Rays, chemical and de-oxidizihg, 98. 

Red dyes, 926, 927, 928, et aeq. 

Red lead, 689. 

Red predpitate, 654. 

Ref^acUon of Ught, 89. 

Rennet, 1028. 

Resinous varnishes, 906. 

Resins, of, 883, 901, 



Respiration, laws of, 1016 et seq, 

effects on air by, 1016. 

Retlnylene, 897. 
Rhodium, the metal, 693. 

chloride, oxides, sulphate and 

phuretof, 694,696. 

nitrate of, 696. 

oil of 



sul- 



Roccella tinctoria, 920. 

Rock salt, 463. 

Rotal action of chemical affinity, 643, note. 

Rouge, the pigment, 928. 

Rutilin, 871. 

SabadiUlne, 976. 

Saccharates of sine, lead, potash, ammo- 
nia, &c. 749, 751, 742. 

Saccharic add, 760. 

Saccharine substances, 737, 747, et seq. 

Sacchulmic acid, 764. 

Sacchulmlne, 764. 

Safflower, 928. 

Saffron colour and croconic acid, 934. 

Saffh>n of antimony, 638. 

Sago, 738. 

Sal ammoniac, 408, 413. 

Sal gem, 468. 

Salicin and bodies derived from its decom- 
position, 869, 870. 

Salicyi series of compounds, 871. 

Salicyltmide, 736. 

Salicyloos add, 785, 871. 

Saline compounds, 177. 

Saliretin, 870. 

SaUva, of, 1044. 

Salt, and the salt radical, defloitions, eic. 
163. 

common, 463, .469. 

(alum), 616. 

its ftision, 617. 

the blnarseniate of potash, 630. 

borax, 194. 

—— of cyanogen, 984. 

Glauber's, 97, 468. 

lakes, 468. 

microcosmic, 168. 

nitre and saltpetre, 292. 

green crystalline salt from ammo." 

Dlum and, 6t6. 
PeUgofs, 618. 

Rochelle. 102. 

of tin, 600, et seq. 

Salts, definiUons of the, 101. Of double 

salts, 102. 

table of their solubility. 182. 

liquefaction of ice and snow by, 44. 

physical constitution of various, 137, 

169, et seq, 

binary constitution of, 641. 

binary theory of, 163. 

various combinations of, defined, 97. 

of isolable radicals, 166. 

monobasic, 167, 766, 

bibasic, 167. 

tribaslc, 168. 

various double 792 to 796, 933. 989. 

~—m denominated subsalts, the, 169. 
of barytes, 489, 846, 946. 

- of barytes, strontlan and lead iso- 
morphous, 491, 846. 

of chromium, 619, 666, 611, 988. 

of copper, 683. 

- of croconic acid, 934. 

ftom cyanogen, etc. 782. 

Epsom, 463. 

of ether, 768, 953. 

of gold, 679, 962. 

Klaaer*s, 618. 

of lead, 491. 687, 760, 846, 851, 945. 

of magnesia, sine, etc. 148,606. 
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Salts of Ume and catelum, 496, 406, 851, 

946. 
— — of inargaric add. 968. 

Id mineral waters, 195. 

metalUc, 1032. 

neutral, 163, 759, etuauim. 

of phosphoric acid, 165. 

of potash and antlmonv, etc. 640. 

of Bilyer, 671 et teq. 846. 

of soda, 465. 

stannic, 600. 

— — stannous, 600. 

-^— of strontlan, the soluble, 489. 

telluric, 624, 625. 

valeric, 816. 

— - of zinc, 575. 

Saltpetre, 292. 

Sap of plants, 196. 

Santonin, 909. 

Sausages, causes of poison of, 727. 

Sea-salt In solution. Its evaporation, 136. 

Sea. water, evaporation of, by culm, 468. 

Sebaclcacld,966. 

ether, 966. 

8ebates,966. ^. ^ ,^^^ 

Secretins, animal; serving digestion, 1049 

Selenlates, 889. 
Seleiiteacld,838. 
Selenlous add, 887. 
Selenium, 142, 386. 
— — — Its properties, 887. 

oxide of, 837. 

Seridc add, 957. 

— — ether, 957. 

Seridne, 957. 

Serous liquids, 8cc. 1050. 

Serpentine, 609. 

Silica, 814. 

Silicates, 816. 

of alumina, 519, et aeq. 
— — of lime and magnesia, 509. 
of Uthla and alumina, 521. 

■ of Ume and alumina, 521. 

of magnesia and alumina, 521. 

SUldc add, 1^,814, 509. 
Silidum, 812. 

Silicon, 147, 812. 
SUver, 664. 

■ pure, 666. 
— - native, 673. 

-■■ ammoniaret of, 668. 
— >— ^ oxides of, 667, et teq, 

acetate of, 678. 

-— — bromide of, 669. 
— ^— > bensoate of, 851. 

chloride of, 669. 

cyanide of, 670, 984. 

carbonate of, 670. 

I sulphuretof, 668. 

. sulphate of, 670. 

hyposulphate of, 670. 

'^— hyposulphite of, 671. 

iofUde of, 670. 

nitrate of, 671. 

nitrite of, 672. _ , 

^_ ammonio-nitrate of, a test of arsa- 

nlous add, 682. 

oxalate of, 678, 988. 

■ peroxide of, 678. 

lactate of, 811. 

valerate of, 816. 
sulphuret of, 144. 
alloys of, 678. 
SUn of animals, of the, 1055. 
Sky, blue colour of the, 274, 
Smelting of day iron-stone, 647. A flux, 

547. Slag. Hot blast, 548. 
Snow, lU formation, 277. 

liquefaction of by salU, 44. 

Soapstone, 521. 
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Soaps of vegetable oils, 057, 956. 
Soda, and Ito solutions, 462. 

arseniate of, 187. 

■ binarseniata of, 680. 

carbonate of, 465. 

the anhydrous carbonate, 466. 

— — ~> the carbonate prepaied from 

sulphate, 471. 

bicarbonate of, 469. 

the sesqulcarbonate, 469. 

fdspar, 520. 

hydrate of, 462. 

nitrate of, of 8. America, 292. 

oxalate of, 933. 

■ phosphate of, 137. 

reverberatoryfkimaoe fbr tha 

ingof,471. 

— salt, 466. 
salts of, 465. 

tribasic subphosphata oi; 4S6. 

add tungstate of, 618. 

Sodallte, 521. 

Sodium, ita dasslflcation, 148, 468. 

or natrium, 461. 

compounds of, 462. 

chloride of, 468, 464. 

sulphnreta of, 468. 

bromide of, 465. 

iodide of 495. 

double cyanides of potassium and, 

969. 
Solanise, 976, 968. 
Solar rays, 88 et aeq, 274. 
Solid bodies, their expansion, 2. 

— Uquelkctlon, orpaitial liquefying of, 89. 
SolttblUty of the salts, diagram, 182. 
Solution and solvent powers, 180. 

Spar, calcareous, 8. 

Iceland, 89. 

Spar, fluor, 495. 

Spedfic gravities of the gase% 190. 

.^—^^ of metals, 431. 

Spelss,571. . ,,. 

Splnell, an alumlnate of magnesia, 518. 

Spinea, oil of, 735. 

Spirit, wood, 819. 

Spirits, rectified, 761. 

-^^— proof, 761. 

grain, oil of, 811. see alcohol. 

Spodnmene, 521. 

Stalactites, thdr formation, 497. 

Stannous oxide, 600. 

Staphisaine, 976. 

Staitrh, feculaoramyHn, 737, 1015. 

gelatinous, 739. 

granules of, 740. 

— ^^ gum, 786. 

. mudUginous, 748. 

sugar of, 786, 748. 

inulin, 746. 

— Uchen, 747. 

sugar, 752. 

potato, 752. 

.— sour water of the ma&ufbctnre of, 

809. 
Steam, 56. 
engine. Illustrations of the, 66, ei 

1 engines, boOers of locomotive, 59. 

— — expansion of water Into, 56. 

specific gravity of, 185. 

I passed over red hot iron, 188. 

the origin of certain colours of the 

atmosphere and clouds, 274. 
Stearates, neutral, 960. 
Stearic add. 958, 959. 
Stearine, 961. 
Steatite, 609. 

Steel, conversion of Iron into, 551. 
SUIbite, lustrous, 521. 
Stoneware, 524. 
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Stoneware, pink cokmr of, 609. 

Strontlan, stronMa or strontites, 489. 

' ■ — » carbonate, sulphate, hyposulphite, 

and.nitrate of, 490, 491. 
Strontlanlte, 490. 
Strontlam, 489. 

peroxide of, 490. 

I chloride of, 490. 

Strychnine or strychnia, 975, 980. 

Stucco, its composition 4^. 

Suberic add, 759, 9«8. 

Snbnitrates possessing excess of metallic 

oxide, 296. 
SubsalU, account of the 109, 784. 
Substances, simple, 97. 
Substitution, 191, 716. 
Saccinate of peroxide of iron, 566. 

of ammonia, etc. 964. 

Succinic acid, 963. 

Suet, 958. 

Sugar of, 169, 747, 

■ cane, 7^. 

loaf and muscovado, 747, 748. 

-^— compound of lime and, 749. 
compound of osdde of lead and, 

750. 
^— candy, 747, 750. 
— compound of chloride of sodium 

and, 750. 
-^^ gn^P'f 752. 

of fruits, 752. 

diabetic, 752. 

— — — compounds of grape, 754. 

insipid, 757. 

liquorice, 757. 

—~-— manna, or mannite, 757. 

melted, 43. 

of milk, 755, 1052. 

— • — starch, 760. 

products of the fermentation of, 

760 et aeq. 
Sulphamide, 408. 

SuJphates, the term defined, 187, 828. 
of copper, 188. 

■ ■ ferrous, 558. 

— — — acid, of oxide of ethyl (and water), 
769 

■ of lime and soda, double, 785. 
■'■ the magnesian, 167. 

and bisulphate of morphia, 978. 

' neutral, 164. 

of strontlan, 489. 

Sttlphatoxlde, the term, 161. 
Sulphobensic acid, 796. 
Sulphocyanogen 783. 
Sulphaioxygeo, the term, 161. 
Sulpholeic acid, 968. 
Sulphomargaric acid, 968. 
Sulphonaphtalide, 848. 
Sulphonaphtaline, 848. 
Sulphosaccharic add, 754. 
Sulphur, 816. 

its class, 142. 

acids, the, 101. 

bases, 142. 

crystalline forms of, 189, 151. 

Sulphuret, ferric, 562. 

of potassium, 142. 

Sulphurets, comporition of, 106. 
Sulphuretted hydrogen, 880. 
Sulphuretted sulphites, 880. 
Sulphuric add, 322. 

affinities, 8(c. 186. 

— ^— hydrates of, 827. 

• iU action on the flit oils, 968. 

Sulphurous add gas, 68, 819, 786. 

Suu*s heat on the surface of the earth, 88. 

— — what termed chemical rays of th^ 

93. 
Symbols of chemical elements, 94 to 96, 

108. 
Synaptaae of, 868. 



Tan, ley of the tannen, 809. 

Tannates, the; of antimony, ammonia, 

potash, and of peroxide of iron, 940. 
Tannic add, 988. 
Tannin, 938, 940. 
Tannogelatin, 940. 
TantalTc oxide, 647. 
Tantalum, 646. 
Tapioca, 788. 
Tar, products of the distUladon of wood 

contained in, 838. 
Tartar, cream of, 947. 
Tartaric and paratartaric adds, and the 

products of thdr decomposition, 946 et 

aeq. 
TartraUc and tartrellc adds, 949. 
Tartrate of potash and iron, 560. 
Tartrates, 947 ; see rarions substances, 

nominatim. 
Taurin, how prepared, 1045, 1047. 
Telluretted hydrogen, 626. 
TeUuric acid, 625. Alphatelluric acid, 625. 
Tellurites, 625. 
TeUurium, 142, 622. 
sulphurets of, 626. Chlorides of, 

626. 
Tellurous add, 628. Alphatellnrous add, 

624. 
Temperature, effects of changes of, 2, 6, 

8ec. 

of the atmosphere, 273 ef seq. 

equilibrium of, 85. 

Test add, 467. 468. 

paper, 468, 

Teeth, of the, 1055. 
Thebaine,977, 979. 
Thermometer, the, 2 etwq. 

by Breguet, 5. 

Tbermo-multiplier, the, 82. 

Thorina, 527. 

Thorite, 526. 

Thorium, 143, 526. 

Tin, general account of, 599. 

— ^ mines, 599. 

— — stream, 599. 

grain, 699. 

— — block or ordinary, 599. 
— — properties of pure, 600. 

stone, crystals of, 603. 

bichloride of, 603, 604. Of ammonia 

and, 605, etc 
bisulphnret of, 604, 606. 

carbonate of, 602. 

deutoxide of, 602. 

peroxide of, 146,608. 

hydrated peroxide of, 603. 

permuriate of, 604. 

protoxide of, 600. 

protochloride of potassium and, 601. 

anhydrous protochloride of, 601. 

—^ protiodlde of, 602. 

protosulphate of, 602. 

— >— protonitrate of, 602. 

tartrate of potash and, 602. 

— — nitrate of peroxide of, 60$. 

sulphate of peroxide of, 605. 

alloys of, 606. 

alloys of lead and, 595. 

Tltanate of iron, 560. 
Titanic add, 146, 606, 607. 

its sulphate, 608. 

Titanium, the metal, 146, 606, 608. 

oxide of, 606. 

bichloride of, 607. 

bisttlphuret of, 607. 

biiluorideof,608. 

Tobacco, seeds of ulcoUana or, 983. 
Tolu, balsam of, 869. 
Topas and quarti, fluids in minute cavi- 
ties of, 6. 
Triphane or spodumene, 521. 
TuogaUte of potash, 618. 
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TungsUte of sod^ClS. 

ofBoda, add, 618. 

Tungsten. 147, form of the element. 617. 

gulphurets of, ol». 

bichloride of, 619. 
. terchloride of, 619. 

Tungstic acid, 617, 618. 

oxide, 617. 

Turpentine, oil of, ^. 901. 
il reein of. 889, 901. 

Uranlnm, 642. Protoxide and peroxide of, 

643. 
Urine, of, 1062. 

Uranic and uranoua oxide, o«. 
Urea, 734, 972, 983. 

lactate of, 811. 

Uric acid, 983. 
Urethane, 777. 
Urine of diabetes, 752. 
of the horse, 855. 

Valerate of silver, 816. 

of soda, 816. 

- of potash and baiytes, 816. 

Valerian root, ite odour, 816, 
Valeric or yalerlanic add, 816. 

. . aldehyde, 816. 

Vanadiates, the, 143. 
Vanadlc add. 616. 
Vanadium, 616. 

protoxide of, 61o, 

. peroxide of, 616. 

Vaporisation, 45 ef seg. „^^Hf rml 

Vabourof water, iU spedfic gravity, cal- 
culated fVom Ite densit^r* l^- 
Vapours, atmospheric, 2/6. 
Varnishes, resinous, 906. 
VegetotioA, 280, 1011.1014, 1019. 
Vegeto-alkalles, 970. 
Veratrine, 976, 981. 

Veratrum album, 976, 981 . „^^- 

Verdlgris, distilledi a green salt of copper, 

584. 
Vermilion, 151. 
Vinegar, of, 782 et teq. 
1 wood, 783. ^^^ ^ 

Viscous and lactic fermentations, 808 et seff . 
Vitrification, of, 182. 
Vitriol, blue, 682. 

white, 575. 

Vitriol green, 558. 
oil of, 822. 

Volatile salte. ^v^^ «#»k. 

Voltaic drde, the chemical theory oftne, 

. ^^' simple 198 to 201. Diagrams, il- 
lustrative of ite connecting wire, «c., 
207 etaeq, ^ ^,^ ^ 

the compound, 212 et eeq. 

. . solid elementt of the, 217 etjeq. 

the Uquld elemente, 220 to 226. 

Wagon boiler, delineations of the, 58. 
Water, composlUon and properties, 2Bi 
et $eq. 



Water, ite boiling point, 48. Ite expansion, 

^ 'constitutional, replaced by a salt, 

169. ^- ^-_ 

Waters, mineral, 266, 497. 

Wheaten flour, gluten from 91^. 

White lead, or ceruse, 691. 

predpltote, 657. 

Winds, causes of, 274. 

Wines, ethereal oil of, 817. 

■ bououet of, 817. 

Wolfram, 617. ^ ^^^ ^ 

Wood, properties of, 758 et eeq. 

of oak sawdust, 713. 

producte of the dry dlstlUaUon of, 

818. 

-■■ spirit, 820. . , . 

producte of the distillation of wood 

having some relation to oxide of methyl, 

896 et aeq. 
. those contained In tar, 838. 

coal, 711. „„ _._ 

Woody fibre or Ugnln, 763, 768, 7«>9. 
Wool. 1042. 
Wort, sugar of, 746. 

Xanthoprotdc add, 1027. 
Xylite and lignone, 836. 

. naphtha, 837. 

oil, 837. 

resin, 837. 

XyUtlc add, 836. 

Yeast, action of, 196, 724, see FermenU- 

tlon. 
YeUow, king's, 630. 

of berberln, OW). 

Yttrla, the protoxide, 526. 

Yttrium, 143, 526. 

ZtLtPn, 567. 

ZeoUtes, the, 621. 

Zero of Fahrenheit's scale, 44. 

Zinc, alumlnate of, 613. 

~ alloys of, 676. 

blende, 578. 

bloom, 576. 

principal ores of, 573. 

chloride, iodide, sulphuret of, 6/6. 

nitrate, phosphate and silicate of, 

ft7A 
. 1 plates and solution of, 197, et »eq. 

(see volteic circle, &c.) 

.— and copper plates, 199. 

— - and add In contact, 204. 

. and mercury, amalgam of, 209. 

salte of, 675. 



Zlncold, th« term. 216. , ,oa 

Zlncous. positive, and basic elementt, 7J». 
Zlrconla, 627. 

salte of, 628. 

Zirconium, 627. 

— fluoride of, 143. 



THE END. 
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